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Abstract
Obesity is a global epidemic because of the potential health risks. There is evidence that
many obese individuals manifest persistent ADHD symptoms, and that both disorders increase
risk for binge eating. Nevertheless, how obesity and ADHD may increase risk for binge eating
work is unclear. Neuropsychological deficits are common to all disorders and may help to
explain the relations observed. The aim of this study was to explore whether neuropsychological
dysfunction, especially inhibitory control weaknesses, moderate the association between greater
BMI and more severe ADHD and disordered eating behaviors. Thirty-nine undergraduate
college students (27 females; Mean age = 20.77, SD = 2.76 years) were recruited based on BMI
and self-report of adult ADHD severity. They participated in an extensive laboratory assessment
comprising computerized assessments of executive functioning (e.g., CPT3, IGT), an antisaccade
task comprising food and neutral cues, self-report questionnaires of disordered eating behaviors,
and anthropometric measures. Hierarchical linear regression analyses showed that BMI but not
ADHD or their interaction was a unique predictor of Eating Concerns and impairment
consequent to disordered eating. Correlational analyses showed that, by and large,
neuropsychological functioning measures were not related to disordered eating outcomes.
Finally, hierarchical linear regression analyses showed that neuropsychological functioning did
not moderate the effects of ADHD or BMI on disordered eating, however, BMI was a significant
predictor of Eating Concerns. Results suggest that higher BMI is associated with greater
emotional distress surrounding disordered eating. Overall, findings may be affected by the small
sample size, limiting power to detect significant effects.

Keywords: ADHD, obesity, binge eating, inhibitory control.
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Exploring obesity, ADHD severity, and disordered eating behavior among college students
Obesity – an accumulation of excessive fat in the body that may impair health - is a
global health problem (World Health Organization, 2018). In the United States, the prevalence
of obesity is estimated at 18.5% of youth and 39.8% of adults (Hales, Carroll, Fryar, & Ogden,
2017). Obesity is typically determined by body mass index (BMI), defined as a person’s weight
in kilograms divided by the square of his/her height in meters (kg/m2) [Centers for Disease
Control (CDC), 2014]. A person is identified as overweight when their BMI is greater than or
equal to 25, while those with a BMI greater than or equal to 30 are categorized as obese (World
Health Organization, 2018). Obesity increases the risk for heart disease, stroke, type 2 diabetes
and certain types of cancer, most of which are the leading causes of preventable death (Hruby et
al., 2016). Due to the adverse health effects of obesity, different studies have examined its
causes, consequences, as well as strategies to prevent and manage the condition. Genetic traits,
eating patterns, physical inactivity, and medication use are some of the prominent causes of
obesity (Hruby et al., 2016)). Obesity also often coexists with different neurodevelopmental
disorders such as Down Syndrome, and Autism Spectrum Disorder. Recent evidence suggests
that overweight/obesity is commonly seen among individuals with elevated inattention and/or
hyperactivity/impulsivity (Cortese et al., 2016).
Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder
manifested through persistent, age inappropriate, and impaired levels of inattention and/or
hyperactivity-impulsivity (APA, 2013). It is one of the most common conditions affecting
children worldwide; in the U.S., a 2016 study showed that 9.3% children between the ages of 217 years have been diagnosed with the disorder (Danielson et al., 2018). ADHD can persist
through to adulthood for approximately 15% of childhood-onset cases, while 65% of childhood-

1

OBESITY, ADHD, AND DISORDERED EATING

2

onset cases manifest partial remission from ADHD during adulthood (Faraone, Biederman, &
Mick, 2006). The prevalence of adult ADHD is approximately 4.4% of the general U.S.
population (Kessler et al., 2010). Some symptoms of inattention are: frequently getting distracted
from tasks, difficulty in sustaining attention, being disorganized, aversion to tasks that require
mental effort, and difficulty paying attention to details leading to careless errors (APA, 2013).
Hyperactivity manifests differently across the lifespan. In childhood, it often presents as
excessive and uncontrolled motor activity, such as running around or climbing furniture,
fidgeting, tapping, or talking excessively (APA, 2013). In adults, hyperactivity is often expressed
in the form of restlessness (APA, 2013). The third behavioral trait of ADHD is impulsivity.
Individuals with this disorder often take quick and reckless decisions without thinking about
possible outcomes, and subsequently experience negative consequences. They often seek
immediate rewards and have difficulty waiting. Individuals with ADHD may also be socially
intrusive and frequently interrupt others, both in childhood and in adulthood (APA, 2013).
To diagnose ADHD in children, individuals must present with at least six symptoms of
inattention and/or six symptoms of hyperactivity/impulsivity; symptoms must be present in at
least two settings; onset must occur before age 12; and individuals must experience negative
consequences in everyday life; for example, in social and academic/occupational settings. For
adults (age 17 years and older), the symptom criterion is modified, such that the individual must
present with at least five symptoms of inattention and/or hyperactivity/impulsivity (APA, 2013).
ADHD is often comorbid with other disorders, including oppositional defiant disorder, conduct
disorder, internalizing disorders, and disordered eating (APA, 2013).
Eating disorders are defined in the DSM-5 as unusual or abnormal eating behaviors in
terms of food consumption or absorption, which leads to significant health and psychosocial
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impairment (APA, 2013). Of particular interest to this study is binge eating disorder, as crosssectional studies suggest that among individuals who are obese or who have ADHD, binge eating
disorder (BED) is more prevalent than in the general population (Hudson, Hiripi, Pope, &
Kessler, 2012; Capusan et al., 2017)). According to DSM-5 (APA, 2013), individuals with BED
symptoms are required to meet five criteria:
“A. Recurrent episodes of binge eating, which are characterized by both of the following:
1.) Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food
that is definitely larger than most people would eat in a similar period of time under similar
circumstances; and
2.) A sense of lack of control over eating during the episode (e.g., a feeling the one
cannot stop eating or control what or how much one is eating)
B. The binge eating episodes are associated with three (or more) of the following:
1) eating much more rapidly than normal;
2) eating until feeling uncomfortably full;
3) eating large amounts of food when not feeling physically hungry;
4) eating alone because of feeling embarrassed by how much one is eating;
5) feeling disgusted with oneself, depressed, or very guilty after overeating.
C. Marked distress regarding binge eating is present.
D. This binge eating occurs at least once a week, on average, for 3 months.
E. The binge eating is not associated with the recurrent use of inappropriate compensatory
behavior (e.g., purging or laxative use) and does not occur exclusively during the course of
Bulimia Nervosa or Anorexia Nervosa” (APA, 2013, p. 350).
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In many instances, individuals show signs of such eating patterns, but may not meet all
the criteria to be diagnosed with an eating disorder. These symptoms are treated as disordered
eating behavior, which may ultimately lead to the eating disorder (Tanofsky et al., 2013).
Comorbidity
Research has shown that multiple psychiatric impairments or disorders often coexist
owing to the fact of shared risk factors (Simonoff, 2000). Researchers are interested to explore
the presence of such coexisting or comorbid impairments to learn more about the mechanisms
regarding the disorders. This is also true for ADHD, obesity and binge eating disorder. Some
research outcomes are discussed below to examine comorbidity among these conditions.
ADHD and obesity.
There is a wealth of research evidence showing that individuals with ADHD often meet
criteria for other psychiatric or neurodevelopmental conditions, including, but not limited to:
learning disorder, oppositional defiant/conduct disorder, mood and anxiety disorder, bipolar
disorder, depression, and substance use disorder (Biederman & Faraone, 2005; Chen et al.,
2018). However, there is also evidence of an association between ADHD and medical conditions
such as Type 2 diabetes mellitus and hypertension (Chen et al. 2018). Recently, there has been a
growing interest in the possible association between ADHD and obesity (Cortese & Vincenzi,
2012). Studies have been carried out utilizing clinical and community samples, and in different
countries around the world. Overall, findings suggest increased prevalence of obesity among
individuals with ADHD, and vice versa, but some inconsistency among study findings is seen.
Altfas (2002) found that over a quarter (27.4%) of obese adults in their sample also met
criteria for ADHD. The study was conducted on 215 individuals [mean (SD) age of 43.4 (10.9)
years] who were receiving treatment for obesity at Behavioral Medical Center for Treatment and
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Research in Portland, Oregon. Although it was a clinical sample where higher rates of
comorbidity are expected, the prevalence was much higher than is seen in the general U.S.
population. Participants’ ADHD severity was assessed using a semi-structured interview, after
which they were divided into three groups: patients without ADHD (NAD); patients with
subthreshold ADHD symptoms of ADHD (ADSx); and those who were diagnosed with ADHD
(AD). Patients were also grouped based on their BMI, such that those with a BMI of 25 to 29.9
were identified as Overweight, those with a BMI of 30 to 39.9 were considered to fall in Obesity
classes I and II, and those with BMI  40 were placed in Obesity class III. A substantial minority
(42.6%) of the participants who fell in Obesity class III also had ADHD. On the other hand,
among the 59 individuals with an ADHD diagnosis, 44% were extremely obese (Obesity III),
40% were obese (Obesity I/II) and 16% were overweight. Participants’ ADHD appeared to
negatively impact treatment outcome, such that at all levels of obesity, patients with ADHD
symptoms were less successful in losing weight. Among Obesity class III patients, those without
ADHD lost twice the amount of weight lost by patients with ADHD. Hence the study concluded
that there is a strong association between ADHD and obesity, and it is more difficult for patients
with ADHD to lose weight compared to those who do not have ADHD.
A similar outcome was observed in another study by Nazar and colleagues (2016). In this
Brazilian study, adult females (N=106; mean (SD) age = 38.99 (10.74) years), all of whom were
obese (mean (SD) BMI of 39.215.29) and undergoing nonsurgical treatment for the condition,
were recruited. Participants were assessed for ADHD, situational anxiety, as well as binge eating
and bulimic behaviors. Results showed that prevalence of ADHD among obese adult women was
28.3%. In addition, results suggested that obese women with ADHD had severe disordered
eating habits, particularly binge eating, and in some cases, bulimic behaviors (Nazar et al.,2016).
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Between 2004-05, Cortese and his colleagues (2013) carried out a more in-depth study to
understand the relation between ADHD and obesity. They recruited 34,653 US adults aged 20 to
90 years who took part in the National Epidemiologic Survey on Alcohol and Related
Conditions. ADHD, as well as mood disorders, anxiety disorders, and personality disorders were
assessed through the diagnostic interview, while self-reported BMI was used to determine
obesity. Results from this large sample revealed that adults with ADHD had significantly higher
weight than individuals without ADHD. However, after controlling for mood disorders, anxiety
disorders, and substance use disorder for a 12-month period, persistence of ADHD was not
significantly associated with obesity. Thus, comorbid internalizing or externalizing problems
may explain the association between ADHD and obesity.
Obesity and binge eating disorder.
It needs to be noted that obesity and binge eating disorders (BED) are separate
conditions. Obesity is more of a physiological condition while BED is a psychological condition
manifested through eating behavior (Aviram-Friedman, 2018). Excessive eating as well as lack
of adequate physical activity are the most common causes of obesity (French, Story, & Jeffery,
2001). Widely available high calorie and processed foods play an important role to create food
addiction (Ruddock, Field, & Hardman, 2017; Meule, Heckel, Jurowich, Vögele, & Kübler,
2014) and may result in overconsumption of food. On the other hand, sedentary occupation and
leisure-time activities have reduced the level of physical activity. Hence the calories being
consumed are not adequately burned off leading to accumulation of fat (French et al., 2001).
Having mentioned that, it is important to note that not all obese individuals have BED;
nor are all individuals with BED obese. Furthermore, a critical criterion of BED is loss of control
while eating, and so even if individuals with obesity consume large quantities of food, they may
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not exhibit loss of control while doing so. Research findings have suggested instances of
comorbidity between obesity and BED. In a recent study, Lydecker and Grilo (2018) recruited
682 overweight/obese participants (73% female) to take part in pharmacological and
psychosocial BED interventions. Interesting differences as a function of gender emerged, such
that although binge eating episodes and behavior did not vary significantly between men and
women, men had much higher BMI than women, while women had significantly higher BED
pathology. Additionally, females had early age of onset for BED than men even though there
was no gender difference in the age of onset for obesity. Another study considered cognitive
conflicts and emotional eating as differentiating elements between obesity and obesity with
BED. Escandon-Nagel et al. (2018) recruited 54 18- to- 68-year-old obese individuals without
BED (mean (SD) age = 39.46 (11.93) years) and 48 obese individuals with BED (mean (SD) age
= 44.13 (11.49) years). Obese participants with BED reported a significantly higher level of
general psychological distress than individuals without disordered eating patterns, supporting the
notion that obese individuals with BED usually present more eating related psychopathology
than do their counterparts without this disorder (Escandon-Nagel, Pero, Grau, Soriano, & Feixas,
2018).
ADHD and binge eating disorder.
Binge eating disorder has also been related to ADHD. For example, in a study of 86
adults with ADHD, Mattos et al. (2004) found that 8.3% of the participants had binge eating
disorder compared to approximately 2.6% of the general population. This suggests that the rate
of having BED among individuals with ADHD is three times higher than what is found among
the general population. Kaisari et al. (2017) investigated associations between core symptoms of
ADHD and binge/disinhibited eating and restrictive eating behavior and assessed whether
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negative mood, deficits in awareness, and reliance on internal hunger/satiety cues mediate these
relationships. They recruited a community-based sample of 237 adults [72.6% female, 18–60
years (M = 26.8, SE = 0.6)]. First, they showed that similar to categorical analyses, continuous
measures of inattentive and hyperactive/impulsive symptoms of ADHD were associated with
both binge/disinhibited and restrictive eating. Second, mediators of these relations emerged from
both emotional and cognitive domains. Negative mood, a composite index reflecting anxiety,
depression and stress, was a significant mediator of the association between core symptoms of
ADHD (i.e., inattention and hyperactivity/impulsivity) and disordered eating. This suggests that
disordered eating may function as a coping mechanism for the negative affect that is experienced
by some individuals with ADHD (Schweickert, Strober & Moskowitz, 1997; Ptacek et al., 2016).
Furthermore, inattention was directly associated with binge eating behavior while accounting for
the indirect pathway via awareness of hunger (Kaisari et al., 2017). Inattentive symptoms were
associated with a decrease in awareness of internal signals of hunger and satiety, which in turn
were positively associated with binge eating. This is probably because individuals with ADHD
need to rely more on external cues to guide their eating and less on satiety signals. Hence in the
presence of highly palatable foods, these individuals do not attend to internal signaling to stop
eating; consequently, they end up consuming more than is needed.
Risk factors for comorbidity.
Although studies suggest high rates of comorbidity among the disorders, why this is the
case is unclear. To identify potential risk factors for the comorbidity, we can look to different
theoretical models that have been proposed regarding ADHD, obesity and binge eating disorder.
Neuropsychological models of ADHD. Most models of ADHD highlight deficits in one
or more neuropsychological functions as contributing to the behavioral phenotype. One of the
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most prominent and comprehensive models was proposed by Barkley (1997), which posited that
deficits in behavioral inhibition were the primary deficits among individuals with ADHD.
Behavioral disinhibition compromises performance of four components of EF: working memory,
internalization of speech, self-regulation of affect-motivation-arousal, and reconstruction.
Deficits in one or more of these components then disrupts the motor control system. This
principle of the model is validated by poor performance of individuals with ADHD in Go/No Go
task, a computerized task of inhibitory control (Barkley, 1997).
Barkley’s emphasis on behavioral inhibition highlighted the role of executive functions higher order cognitive processes that help individuals maintain appropriate goal-directed
behavior, engage in planning, and show impulse control (Diamond, 2013) – in the etiology of the
disorder. Whereas, others, including Halperin and Schulz (2006), considered that EFs were
important for recovery from the disorder. Halperin and Schulz (2006) proposed that individuals
with ADHD have anomalies in the subcortical region of the brain from the prenatal stage, which
persist throughout life. They further posited that recovery is associated with maturation of the
prefrontal cortex. In many studies, executive functioning, which is considered to be mediated by
the prefrontal cortex, has been used as a proxy for neural development. Longitudinal studies of
boys with ADHD followed through adolescence have suggested a dose-dependent effect, where
by “remitters” (i.e., those who no longer meet full DSM criteria for ADHD) in late
adolescence/early adulthood have stronger working memory and inhibitory control than
“persisters” (i.e., those who continue to meet full criteria for the disorder) (Halperin et al., 2008).
Other theoretical models suggest that multiple cognitive functioning systems contribute
to the wide variety of symptoms and severity of ADHD. Sonuga-Barke (2003) proposed a dual
pathway model for ADHD whereby delay aversion (DEL) and EF deficits were independent
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predictors of ADHD. Specifically, Sonuga-Barke stated that the executive dysfunction pathway
is associated with cognitive deficits found in individuals with ADHD while DEL pathway deals
with motivation deficits often seen among individuals with the disorder. Thus, even though they
are independent pathways, together they contribute to the symptoms of ADHD-Combined type.
Sonuga-Barke emphasized that not all aspects or domains of EF are impaired in individuals
diagnosed with ADHD, rather different people manifest dysfunction in different domains. Such
heterogeneity in cognitive functioning has been supported in studies by several other researchers,
and in both child and adult samples (e.g., Coghill et al., 2014; Nigg et al., 2005; Willcutt et al.,
2005). However, according to Sonuga-Barke’s (2003) theory, the most prominent domain of EF
impairment is response inhibition, while others may have different levels of impairment in
working memory and planning. While explaining the delay aversion pathway, Sonuga-Barke
proposed that impaired individuals have a biologically-based tendency to discount future rewards
and emphasize receiving immediate rewards. These may represent potential ways in which
individuals are at greater risk for disordered eating; poorer inhibition generally, or specific
motivational deficits in the context of food.
Neural and neuropsychological risk factors associated with obesity. Research has
shown that rather than a single cause, different variables increase risk for obesity, and what
factor(s) affect one person, may differ from someone else. Thus, there is significant
heterogeneity in risk for obesity (Lowe, Steenburgh, Ochner, & Coletta, 2009). Understanding of
the risk factors for obesity is complicated by the complex physiological mechanisms that
regulate energy balance, and the perception of hunger and satiety. The hypothalamus regulates
food intake through its powerful feeding-related neurocircuitry - specialized hypothalamic
neurons control hunger and satiety through feedback mechanisms that stimulate or suppress

OBESITY, ADHD, AND DISORDERED EATING

11

neuronal activity. The balance of activity of these neurons is modulated by several different
hormones produced by the stomach, pancreas, and small and large intestines, which act to
stimulate hunger (e.g., Ghrelin, Insulin-like Peptide 5) or send a signal of “fullness” (e.g.,
Cholecystokinin, Glucagon-like Peptide-1) (Elmquist, 2001). One of the most powerful
hormones involved in appetite suppression is leptin, which is produced by adipose tissue
(Friedman & Halaas, 1998). The absence of leptin signals in the brain evokes hunger. As soon as
leptin is replenished after food intake, this signals to the brain that satiety has been achieved
(Elmquist, 2001). This homeostatic process, however, can be overridden by the cortical and
limbic system, effectively ignoring the hypothalamic signals (Berthoud, 2006). Thus, people may
end up eating more than what is required by the body, which over time may lead to overweight
or obesity. The appetitive motivation framework supports roles for these neural systems.
Appetitive motivation comprises affective, motivational, and behavioral dimensions
(Lowe, 2009). Davidson’s (2003) approach and withdrawal related affective model suggests that
two basic affective circuits mediate different forms of emotion (Davidson, 2003). Davidson
suggested that the left prefrontal cortex (PFC) is responsible for approach-related positive affect
and promotes appetitive goals while the right PFC controls behavioral inhibition, or arguably,
withdrawal-related negative affect (Davidson, 2003). According to this theory, individuals with
left-sided PFC asymmetry are more likely to experience positive affect and seek rewarding
experiences, which may include food. In contrast to the affective model, Harmon-Jones and
Allen (1998) argued that there is evidence of situations where individuals approach stimuli that
induce negative affect (e.g., anger-causing stimuli). In such cases, there is left-sided PFC
activation similar to the effect of positive affect. So, they suggested that affective and
motivational approaches are separate systems exhibiting similar outcomes. Therefore, based on
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the motivational approach, it can be inferred that negative affect such as anger or emotional
distress may motivate individuals to seek out rewards to reduce the intensity of negative affect.
Behaviorally, this may be exhibited as taking risks, binge eating, or engaging in other rewarding
activities. The third approach, which is the behavioral approach, was proposed by Gray (2003).
It is also known as the behavioral inhibition system (BIS) and behavioral approach system
(BAS). The BIS-BAS model focuses on the absence and presence of goal conflict irrespective of
the affective and motivational directions. All these three approaches discussed above suggest that
individuals with left-sided prefrontal cortex asymmetry are likely to show preference or bias
towards appetitive motivation (Lowe et al., 2009).
Risk factors for binge eating disorder. There are a variety of theories that discuss the
underlying mechanism of BED. Some of the theories are also connected with Bulimia Nervosa,
which has the added factor of purging behavior. The prominent models are discussed below.
Dietary restraint theory. This theory, initially proposed by Herman and Mack (1975),
discusses the role of dietary restrictions on eating behavior. They suggested that when
individuals restrict food intake to the point of persistent hunger, it increases the risk of
uncontrolled overeating the next time they have a meal. The possible explanation of such
behavior is that once food is allowed following restriction, there can be over-arousal in terms of
hunger cues. As a result, the interoceptive awareness of being full from eating becomes
temporarily impaired. Under such circumstances, individuals end up consuming a larger volume
of food (Manwaring et al., 2006). This theory highlights the interaction between internal body
states and external stimuli in affecting eating behavior. It suggests specificity of stimuli (i.e.,
food cues) is important for eliciting the overeating behavior.
Addiction. The addiction model for BED suggests that food addiction is experienced
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when the physiological and biochemical state of the body reaches such a condition that craving
for carbohydrates and other food substances is uncontrollable (Cassin & von Ranson, 2007). This
theory complements with the emotional regulation framework of BED (Kessler, 2016).
Impulsivity and other cognitive function related constructs. Studies have shown that
individuals with BED manifest increased impulsivity and altered reward sensitivity with respect
to food or food-related cues (Galanti et al, 2007; Manwaring et al., 2011; Giel et al., 2017)
Reward-seeking behavior with respect to food cues was observed among overweight/ obese
individuals with BED during a saccade task. They exhibited a higher level of difficulty in
inhibiting saccades towards food images (Giel et al., 2017) Cognitive deficits in executive
function, inhibitory control, attention and mental flexibility are also reported in individuals with
BED (Boeka and Lokken, 2011; Schmitz et al, 2014). Boeka and Lokken (2011) conducted a
study on a clinical sample of 180 obese individuals who had either BED, or were prone to binge
eating. They found that binge eating behavior, whether individuals met clinical criteria or not,
was associated with PFC dysfunction, particularly in the dorsolateral and orbitofrontal regions.
Findings also suggested that people who are engaged in binge eating behaviors experienced
higher amotivation and difficulty in initiating goal directed behavior (Boeka and Lokken, 2011).
Questions still remain about why some individuals have more difficulty controlling their
food intake than others, irrespective of their weight status. The theoretical models discussed
above suggest that neuropsychological dysfunction, particularly impairment in executive
function and altered reward sensitivity, is common to all these three disorders. Findings from
neuroimaging studies show that impulsivity could shed some light on this matter. Impulsivity is a
construct that has multifold operational definition. Based on past research, impulsivity can be
examined in four broad dimensions. The first can be termed as “non-planning and dysfunctional
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impulsive behavior” (Miller, Joseph, & Tudway, 2004). This behavior is observed in individuals
who tend to act without thinking through the consequence of the action. It is possible that
individuals with such trait can eat in large quantities without thinking about the consequences.
The second dimension is urgency (Fischer, Smith, & Cyders, 2008). This is similar to nonplanning and dysfunctional impulsivity with the added component of affect. People with this trait
may eat in large quantities without thinking of the outcome when they either experience
extremely positive mood or distress. Third is the inability to delay gratification or tolerate
boredom (Fischer et al., 2008). Individuals with this trait tend to eat immediately rather than
waiting. People with higher percentage body fat are more likely eat immediately rather than
waiting for a delayed period of time (Hendrickson & Rasmussen, 2013). The fourth dimension is
sensation/reward seeking (Fischer, Smith, & Cyders, 2008). Individuals who have this trait are
likely to seek out novel and exciting stimuli. A subset of these people may consider food to be
rewarding and can end up losing control of eating food that they love (Svaldi, Tuschen-Caffier,
Peyk, & Blechert, 2010).
Giel and colleagues (2017) conducted a systematic meta-analysis on food-related
impulsivity in adult obese individuals with and without BED, as well as normal weight
individuals. They analyzed 20 experimental studies that used two components of impulsivity:
reward sensitivity and rash-spontaneous behavior. The authors concluded with caution that
compared to normal weight controls, obese participants with and without BED considered food
as more rewarding than other forms of reward. However, obese individuals without BED had
better inhibitory control for food as a reward while those with BED showed rash spontaneous
behavior to both food and non-food stimuli that required inhibitory control.
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Another recent study used fMRI brain scans to understand the bio-behavioral markers of
BED. Aviram-Friedman and colleagues (2018) recruited 42 community-dwelling obese
individuals (50% female) who had BMI between 30 and 40. Of them, 14 individuals met DSM-5
criteria for binge eating disorder, while 28 were non-binge eaters. During the initial consultation,
all participants went through a physical examination, Eating Disorder Examination clinical
interview, and filled out a battery of psycho-behavioral questionnaires assessing anxiety,
disinhibition, and reward responsiveness. The night before their fMRI scan, participants fasted,
and then 90 minutes before entering the scanner, they drank a liquid meal of their preferred
flavor. During the scan, participants were shown images of high calorie processed food, low
calorie unprocessed food, and non-food items. Blood oxygenated level dependent (BOLD) signal
contrast was used to examine activation of different brain regions. When presented with food
images that are preferred for binging, the obese BED group showed stronger BOLD activation in
brain regions that are responsible for top-down control of visual attention for highly motivational
targets compared to non-BED group (i.e., posterior cingulate cortex, postcentral gyrus, inferior
parietal lobule and cuneate gyrus). Additionally, the BED group exhibited greater disinhibition
associated with lower BOLD signal in brain regions responsible for affect, drives, and arousal
(i.e., the anterior cingulate cortex). When presented with high calorie processed food images, the
BED group showed greater activation in areas responsible for cognitive planning for motor
movement driven by emotions and drives; that is, middle frontal gyrus and superior frontal
gyrus. This pattern of activation is typically found in patients with BED or bulimia nervosa when
they are presented with binge-triggers (Balodis et al, 2013). Thus, the study suggested that obese
individuals with BED phenotype are likely to have binge eating episodes when they are

OBESITY, ADHD, AND DISORDERED EATING

16

emotionally stimulated and have access to food that they identify as rewarding (AviramFriedman, 2018).
It is relevant to note that executive functioning is also associated with dopaminergic
reward system. The mesocortical pathway transmits dopamine to the prefrontal cortex, which is
essential for normal cognitive functioning - particularly for cognitive control, motivation and
emotional response and decision making (Floresco & Magyar, 2006). One of the most prominent
characteristics of ADHD is the impaired dopaminergic reward system, also known as “reward
deficiency syndrome” (Blum et al., 2008). Among many different neurotransmitters, dopamine is
a powerful one that controls feelings of wellbeing. It interacts with other neurotransmitters such
as serotonin and opioids, and plays a significant role in mood control (Mitchell, & Phillips,
2007). Brain imaging has revealed that individuals with ADHD have abnormality in DRD 2
dopamine receptor gene. This results in insufficient number of dopamine receptors in the brain
reducing the overall production of dopamine. This causes inadequate dopaminergic activity in
the brain reward centers (Bazar, Yun, Lee, Daniel, & Doux, 2006; Liu, Yang, & Wang, 2008;
Blum et al., 2008). As a result, individuals are drawn to activities that provide alternative sources
of reward, such as consuming large quantities of alcohol or carbohydrates (Blum, 2008; Liu,
2008). Anomalies in dopamine receptors DRD4 and DRD2 have been found among obese
individuals, also leading to reward deficiency syndrome. These individuals tend to eat large
portions of food particularly with high calorie counts to compensate for the insufficient
production of dopamine. (Bazar, 2006). Liu et al (2008) hypothesized that individuals who tend
to produce hypo-dopaminergic activity are likely to adopt pathological eating behavior by
consuming large quantities of highly palatable foods. This acts as a means of self-medication
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since such eating behavior satiates the craving for reward (Racine, Horvath, Brassard, &
Benning, 2019)
Studies on food intake patterns among obese individuals or individuals with binge-eating
disorders show that such individuals take larger quantities of food compared to normal weight
individuals in states of hunger, after food exposure and/or when exposed to high level of stress
and negative mood (Giel et al., 2017). However, not all obese individuals lose control of eating.
A systematic review of various observational and experimental studies on food-related
impulsivity and binge-eating behaviors suggests that obese individuals without binge eating
disorder have greater control over their own eating patterns, particularly in terms of inhibiting
food intake (Balodis et al. 2013). Nevertheless, in more intense conditions like hunger and stress,
individuals often fail to inhibit craving and end up taking large quantities of food (Manwaring et
al., 2006). Thus, they are more vulnerable to binge eating based on their internal state and
external food stimuli (Vartanian et al, 2017).
To understand the relation between ADHD and obesity, Oord and colleagues (2018)
tested the dual pathway model of ADHD and obesity. They also added binge eating as a criterion
to understand this relationship. Thirty-nine obese patients undergoing bariatric surgery and 25
age- and gender-matched healthy controls were recruited for this study. Of the obese patients, 12
individuals reported having binge eating episodes while 27 did not have such episodes. None of
the controls had a history of binge eating. All participants filled out questionnaires on eating
disorders, motivational reward sensitivity, delay aversion, and adult ADHD severity.
Performance based measures like Iowa Gambling Task, stop signal task, and a working memory
task were also administered to assess risk taking behavior, inhibitory control, and working
memory capacity, respectively. No significant differences were observed on any outcomes
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between obese and healthy controls. However, significant differences were observed between
binge-eating obese participants and non-binge-eating obese participants. Those who reported
binge eating had significantly higher delay discounting and ADHD inattention scores compared
to non-binge eaters. Furthermore, after controlling for inattention, the difference in delay
discounting scores were no longer significant between obese participants with and without binge
eating episodes. This indicated that delay aversion was triggered by inattention rather than binge
eating behavior. Since the study did not use any food related cues, the researchers could not
verify if the food related cues function under a different mechanism than non-food related cues.
It is not clear which component of ADHD (inattention, impulsivity, or hyperactivity)
particularly initiates abnormal eating behaviors although Cortese et al. (2007) hypothesized that
both impulsivity and inattention may be more strongly associated with disordered eating
behaviors than hyperactivity. In patients with bulimia nervosa and ADHD, both inattention and
impulsivity have been associated with more impaired neuropsychological deficits and abnormal
eating patterns (Seitz, 2013).
Muller (2014) showed that among 34 obese patients with binge eating (BE+) and 34
obese individuals without binge eating (BE-), participants with binge-eating histories had poorer
decision-making abilities based on Iowa Gambling Task net scores. However, the task involved
food independent decision-making and hence, the study could not verify whether decisions with
respect to food would show a similar pattern. Sensitivity towards food stimuli along with
difficulty to plan for meal-portion may induce over-eating in individuals with ADHD (Davis et
al., 2006). A study conducted on 159 participants to understand the influence of food on
inhibitory control revealed that robust inhibitory control is required to refrain oneself from foods
high in calorie content and carbohydrates (Carbine et al., 2017). Since individuals with ADHD
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have impaired inhibitory control, they may lose control over eating when they have access to
high calorie food.
Zhang (2017) highlighted the importance of the cue specificity for restraint when eating.
This study investigated how restrained eaters respond to high calorie and low-calorie food
choices by analyzing eye movements and gaze patterns. They also evaluated the moderating
effects of general inhibitory control as well as food-specific inhibitory control using the StopSignal task. Unsuccessful restraint eaters had poor food-specific inhibitory control (not general
inhibitory control) and greater automatic attention to high calorie foods. However, the study did
not evaluate whether participants had ADHD.
The presence of ADHD may influence the findings. Individuals with ADHD can also
manifest disordered eating behavior as a compensatory mechanism to get momentary relief from
frustration caused by their symptoms of inattention and hyperactivity/impulsivity (Seitz, 2013).
Since food stimulates the reward mechanism, food cues become more salient to such individuals
resulting to attentional bias towards food and an altered motivational control (Strimas et al.,
2008). Even though different studies have found a positive correlation between impulsivity and
binge eating behavior, Steadman et al (2016) failed to establish impulsivity as a mediator
between ADHD and binge eating symptoms.
In light of the comorbidity among ADHD, obesity and disordered eating – particularly
binge eating – the present study is a pilot study that attempts to understand how these disorders
are related. All disorders share a common risk in neuropsychological dysfunction, particularly in
the domain of inhibitory control. Results from previous literature suggest that weak inhibitory
control in the context of food is especially important. This pilot study will explore the relations
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among these constructs in a diverse sample of students attending a large, urban college in the
North East of the United States. The specific aims and hypotheses are:
1. Are inattention/hyperactivity and overweight/obesity (measured using body mass index)
associated with binge-eating behaviors in a college sample? It is hypothesized that higher
ADHD severity and higher BMI will be independently associated with greater frequency
and greater severity of binge eating. It is also hypothesized that an interaction between
ADHD and BMI will be observed such that most severe disordered eating behaviors will
be observed in those with highest ADHD severity and highest BMI.
2. Is neuropsychological dysfunction, specifically in the domain of inhibitory control,
associated with binge-eating behaviors? Are inhibitory control deficits broad-based or
specific to food cues? Based on the outcome of previous studies, it is hypothesized that
weaker inhibitory control in the context to food cues, but not general inhibitory control
deficits will be associated with disordered eating behaviors.
3. Do food-related inhibitory control weaknesses moderate the relations between
inattention/hyperactivity and overweight/obesity and binge eating? It is hypothesized that
more severe disordered eating will be observed in the context of high ADHD severity,
high BMI and greater inhibitory control weaknesses.

Method
Participants
Participants were recruited from the undergraduate student body of the City College of
New York (CCNY). The research was conducted in two phases: phase one being an online
screening assessment and phase two being an in-person lab assessment.
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Participants were included if they were 18 – 40 years old, fluent in English, and full time
or part-time CCNY students. Enrollment was limited to CCNY students to increase likelihood of
sample homogeneity. All participants had normal or corrected-to-normal vision and hearing.
Participants were recruited as high or low risk for ADHD. Individuals who had a score greater
than or equal to one standard deviation (SD) above the mean on the ADHD Index of the Barkley
Deficits in Executive Functioning Scale (BDEFS) were considered high risk for ADHD (from
now referred to as “High ADHD”). An age- and gender-matched control group who was low risk
for ADHD comprised individuals who had obtained an ADHD Index score less than 1SD above
the mean (from now referred to as “Low ADHD”). Whenever there was more than one person
who matched the individual in the High ADHD group, the control participant was selected
randomly.
Participants who were taking medication for ADHD or had taken such medication within
the past three months of the lab assessment were excluded, as were participants who were
prescribed antipsychotic or mood-stabilizing medications as these medicines affect appetite and
may confound results. In the case of stimulant medication, it suppresses appetite (Dukarm, 2005;
Jeffers, Benotsch, & Koester, 2013) while psychotropic medications stimulate appetite and
metabolism (Newcomer, & Haupt, 2006; Shrivastava, & Johnston, 2010). Participants who
currently smoke or who had smoked within the previous 3 months were also excluded given
nicotine suppresses appetite (Jo, Talmage, & Role, 2002; Pilhatsch, et al., 2014). Individuals
with a history of neurological or major psychiatric disorder (e.g., traumatic brain injury, epilepsy,
schizophrenia, bipolar disorder affective disorder, current psychotic or manic episode) were
excluded to ensure that difficulties in cognitive domains associated with these disorders (e.g.,
attention, executive functioning) did not confound findings. Participants were excluded if they
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did not agree to fasting in the three hours immediately preceding the lab assessment.
Participants’ intellectual functioning was estimated using the WAIS – IV (Wechsler, 2008)
Figure Weights subtest. Any participant with a standard score of less than 75 (equivalent to
scaled score less than 5) was excluded.
Six hundred and eighty-two individuals completed the online screening assessment, of
whom 552 participants passed the initial screening questions, 104 were excluded, and 26
withdrew from the study. Those who were excluded did not meet one or more eligibility criteria,
including: younger than 18 years or older than 40 years of age (n= 13), not fluent in English
(n=3), not a student of CCNY (n=7), individual had taken ADHD medication within the three
months prior to assessment (n=6), previously taken neuroleptic medication (n=12), diagnosed
with major mental illness (n=4), and nicotine intake in the previous three months (n=32).
Twenty-seven individuals met two or more of the aforementioned ineligibility criteria.
Of the 552 participants, 136 (24.7%) individuals fell in the High ADHD group and 414
(75.3%) individuals had an ADHD Index score less than 1SD above the mean. Of the 136 High
ADHD participants, 26 (19.1%) took part in the lab session, 39 (28.7%) declined to take part in
lab assessment, and 71 (52.2%) did not respond to our phone calls or emails. Since controls were
matched with the experimental group, not all controls were contacted. Among those who were
contacted, 13 matched controls took part in the lab session. Others either withdrew or did not
return our calls.
As shown in Table 1, 39 individuals (12 males, 27 females) with a mean (SD) age of
20.77 (2.76) years participated in the comprehensive laboratory assessment. The mean (SD) BMI
was 25.93 (4.82) kg/m2. Twenty-one participants (53.8%) fell under overweight/obese category
while the rest (46.2%) had a normal or lower BMI. Participants were racially diverse: 2.6%
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Native American/Native Alaskan, 33.3% Asians, 23.1% Black/African American, 12.8% White,
and 10.3% identified as belonging to a racial group other than that listed above. 17.9% of
participants did not specify their racial identity. There were more non-Hispanic/Latino (56.4%)
compared to Hispanic/Latino participants. The median household income of the participants was
between $25,000-$40,000. None of the participants were taking any medication for ADHD when
they attended the lab session. IQ of the participants was predicted from Figure Weights (a
subscale from Wechsler Adult Intelligence Scale IV. The mean (SD) scaled score was 11.13
(2.95) which indicates average intellectual functioning.
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Table 1
Sample demographics as a function of group (N=39)

Variable

Controls

Overweight/obese only

High ADHD only

Comorbid

Mean (SD)

Range

Mean (SD)

Range

Mean (SD)

Range

Mean (SD)

19.63 (1.64)

18.18-23.19

21.17 (4.07)

18.87-29.26

20.59(1.98)

18.57-24.51

21.26(3.14)

Range

Overall
Mean (SD)

Range

20.77(2.76)

18.18-30.39

11.13(2.95)

5-18

25.93(4.82)

18.83-38.60

18.41Age (yrs)

30.39
IQ

10.86(3.44))

5-16

10.83 (.98)

10-12

11.27(3.85)

5-18

11.27(2.74))

BMI

21.96(2.24)

18.83-24.48

29.53 (4.18)

25.34-36.65

21.49(1.52)

20.07-24.12

29.63(3.12)

6-17
26.3538.60

N (%)

N (%)

N (%)

N (%)

N (%)

Male

2 (28.6%)

1 (16.7%)

5 (45.5%)

4 (26.7%)

12 (30.8%)

Female

5 (71.4%)

5 (83.3%)

6 (54.5%)

11 (73.3%)

27 (69.2%)

1 (14.3%)

0 (0%)

0 (0%)

0 (0%)

1 (2.6%)

Gender

Race
Native
American/Native
Alaskan
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2 (28.6%)

1 (16.7%)

4 (36.4%)

6 (40%)

13 (33.3%)

1 (14.3%)

2 (33.3%)

3 (27.3%)

3 (20%)

9 (23.1%)

White

0 (0%)

2 (33.3%)

2 (18.2%)

1 (6.7%)

5 (12.8%)

Other

1 (14.3%)

0 (0%)

1 (9.1%)

2 (13.3)

4 (10.3%)

Unknown

2 (28.6%)

1 (16.7%)

1 (9.1%)

3 (20%)

7 (17.9%)

4 (57.1%)

3 (50%)

5 (45.5%)

5 (33.3%)

17 (43.6%)

3 (42.9%)

3 (50%)

6 (54.5%)

10 (66.7%)

22 (56.4%)

<10,000

1 (14.3%)

1 (16.7%)

1 (9.1%)

0(0%)

3 (7.7%)

10000-24999

2 (28.6%)

0 (0%)

3 (27.3%)

3 (20%)

8 (20.5%)

25000-39999

1 (14.3%)

3 (50%)

3 (27.3%)

5 (33.3%)

12 (30.8%)

40000-69999

1 (14.3%)

1 (16.7%)

3 (27.3%)

4 (26.7%)

9 (23.1%)

70000-99999

0 (0%)

1 (16.7%)

0 (0%)

1 (6.7%)

2 (5.1%)

100000+

2 (28.6%)

0 (0%)

1 (9.1%)

2 (13.3%)

5 (12.8%)

Black/ African
American

Ethnicity
Hispanic/Latino
NonHispanic/Latino
Household
Income ($)
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Measures
Barkley Deficits in Executive Functioning Scale (BDEFS, Barkley, 2011).
Participants filled out the shortened version of the Barkley Deficits in Executive Functioning
Scale (BDEFS), which comprises 30 items. This self-report questionnaire assesses frequency of
behaviors that predict executive functioning deficits. Among these 30 items, 11 items were
administered from the BDEFS long form that comprise the ADHD-Executive Functioning Index
(ADHD-EF Index), and which was used as a measure of ADHD severity. Only the ADHD-EF
Index scores were used in this study. Each item was rated on a 4-point scale, from 1 (Never or
Rarely) to 4 (Very Often). Individual item scores of the ADHD-EF Index were summed and
individuals whose scores were greater or equal to 1SD above the mean were in the High ADHD
group. Those whose scores were less than 1SD above the mean were classified as Low ADHD.
Barkley (2011) describes how a score of 20 on the ADHD-EF Index captures individuals at or
above 95th percentile in the validation rating scale used to assess risk of ADHD symptoms.
However, this score represented 51- to 75th percentile of ADHD severity in the normative sample
based on the age group of 18-40 years. This indicated that an ADHD-EF Index score of 20 would
likely be a very low threshold among the College students recruited to this study; the
consequence may be that risk of ADHD severity is overestimated. Hence the cut-off score was
set at one standard deviation above the mean, which represented individuals around the 86th
percentile on the normative sample. A threshold of 1 SD to indicate “at risk” behavior is
commonly used in clinical research (e.g., BASC 3, BRIEF, Brown ADD scale, and CAARS).
The scale was developed based on a normative sample of 1,249 adults between the age 18 to 81
years. The reported internal consistency from the normative sample is Cronbach’s alpha = .84
(Barkley, 2011). In the current study, the internal consistency for the 39 participants who
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completed the lab evaluation was Cronbach’s  = .86. A copy of this measure is not included in
the Appendix because it is protected by copyright.
Body Mass Index (BMI). The most widely used anthropometric measurement for
obesity is body mass index. At the beginning of the lab assessment, the objective measurement
of height (in meters) and weight (in kilograms) were obtained. The participants were asked to
take off their bags, shoes, and heavy winter clothes, as well as empty their pockets before getting
on the scale. The observed measures were then used to generate BMI scores according to the
formula, BMI = Weight (kg) / Height2 (m2). As per CDC (2014) recommendation, participants
with a BMI < 25 were considered to have underweight or normal weight, while those who had a
score ≥ 25 were identified as overweight/obese.
Eating Disorder Examination- Questionnaire (EDE-Q, Fairburn and Beglin, 2008).
The EDE-Q is a 28-item self-report questionnaire that assess severity of disordered eating
behaviors. The questionnaire comprises four subscales (Restraint, Eating Concern, Shape
Concern, and Weight Concern) and the Binge Eating Disorder Module. Fifteen items were
analyzed to determine the frequency of specific eating behaviors in terms of number of days
present out of the last 28 days. A 7-point Likert Scale was scored: 0 = No days, 1 = 1-5 days, 2 =
6-12 days, 3 = 13-15 days, 4 = 16-22 days, 5 = 23-27 days, 6 = Every day. Seven items use a
different 7-point Likert Scale (0 = Not at all, 1-3 = Slightly, 3-5 = Moderately, 6 = Markedly) to
outline participants’ self-evaluation of their eating behavior. The remaining six items ask the
participants to provide the exact number of days for which they manifested specific eating
behaviors. Besides the 28 items, the questionnaire also asks for present weight and height of the
participants. Female participants are asked about menstruation and use of contraceptive pills.
Scores for the four Subscales and overall global score (which is the average of all subscale
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scores) were calculated. There is evidence of adequate test-retest reliability for both males and
females. Studies conducted on 139 female undergraduate students and 86 men revealed that the
test-retest correlation over a period of one to 14 days ranged from .66 to .94 for the four
subscales (Reas et al., 2006; Luce & Crowther, 1999). Frequency of binge eating episodes was
assessed using a single item that inquired about the number days participants ate large quantities
of food, as well as lost control over eating, in the past 28 days. To meet the DSM-5 (APA, 2013)
criterion for frequency of binge eating episodes, individuals have to engages in at least one
episode per week for three months. To be consistent with the DSM-5 criteria, the current study
used a total of at least four episodes over the 28-day period as the cut-off point, such that
presence of binge eating at that frequency would be approximately equivalent to at least 1
episode/week. Among the different subscales, only the Eating Concerns subscale was used. It
comprises five items assessing preoccupation with food, eating or calories, fear of losing control
over eating, eating in secret, social eating, and guilt about eating. This subscale showed an
internal consistency of Cronbach’s  =.71 in the present sample, which is similar to the value
obtained in a previous study conducted on college students ( = .79) (Rose, Vaewsorn, RosselliNavarra, Wilson, &Weissman, 2013). Higher scores in each of these indicate higher impairment
in eating behavior. Since there is no standard clinical cut-off value for this scale, one standard
deviation above the mean was used as the cut-off point to be consistent with the ADHD-EF
Index score threshold. It was considered that individuals having an eating concerns score greater
than or equal to one standard deviation above the mean are at a higher risk of manifesting eating
concerns due to disordered eating behavior. A copy of this measure can be found in Appendix A.
Clinical Impairment Assessment (CIA, Bohn & Fairburn, 2008). The Clinical
Impairment Assessment (CIA) is a 16-item self-report questionnaire that assesses psychosocial

OBESITY, ADHD, AND DISORDERED EATING

29

impairment resulting from disordered eating behavior (Bohn & Fairburn, 2008). The
questionnaire targets three areas of impairment – personal, social, and cognitive - based on eating
habits, exercising, or feelings about eating, shape or weight over the past 28 days. It was
designed to be completed immediately after using a measure for current eating disorder
manifested over the same time frame; therefore, in the present study, it was administered after
the participants completed the EDE-Q. The CIA manifested high internal consistency ( = .93)
in a study conducted on 543 women (20.6  2.0 years old) who were classified into one of three
categories: clinically diagnosed with ED, at high risk for ED, or at low risk of ED onset
(Vannucci et al.,2012). It also revealed a robust discriminant validity with the highest CIA global
scores for women clinically diagnosed with ED (17.7  10.7), followed by women with high risk
for ED (10.6  8.5), and last, women with low risk for ED (3.0  3.3) (p< .0001). There is also
significant correlation between CIA and EDE-Q scores (Spearman rho = .58-.79) (Reas et al.,
2010). The current study also showed a similar internal consistency of Cronbach’s = .94. The
clinical cut-off score of CIA was set at 16, which is the suggested cut-off value (Bohn &
Fairburn, 2008). A copy of this measure can be found in Appendix B.
Saccadic reaction time task.
Setup. This computer-based task assesses inhibitory control in terms of eye movement as
well as the behavioral response influenced by food and non-food stimuli. The task was
programmed using Experiment Builder, which has specific built-in functionalities that supports
the Eyelink 1000 Plus eye-tracker. Besides running the task, Experiment Builder can also record
finger-press button responses to denote reaction time to a presented stimulus. The task was
operated by using two different computers connected by an Ethernet cable. The presentation or
display PC ran the task while the host PC operated the eye-tracker. The display of the
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presentation PC monitor was mirrored to a different monitor that was placed inside a booth along
with the eye-tracking camera. The experimenter operated the task from outside the booth. The
host PC, which was connected to the camera, was also placed outside the booth. The program
could trigger recording of eye movement and place important event markers by sending TTL
signals to the host PC. The Eyelink 1000 Plus operated with milliseconds timing accuracy and
was automatically synchronized to the Experiment Builder program.
The Eyelink 1000 Plus camera with 35mm lens was used to monitor and record the eye
movements. It used Dark Pupil – Corneal Reflection principle to track eye movement. It
typically had an average accuracy of 0.25 to 0.5. Without compensating accuracy, the eye
tracker can allow small head movements of  25mm horizontally or vertically. The gaze tracking
range of the camera is 32 horizontally by 25 vertically. A desktop mount with the camera is
positioned on the table between the participant and the display monitor. The distance between
camera and eyes was approximately 55 cm (as per manufacturer recommendation).
The task was divided into two blocks - one pro saccade and one anti saccade block.
Participants sat in front of a monitor of dimensions 52cm x 29.4cm. To minimize head
movement, a head support with chin rest was used. The distance between eye and monitor was
91 cm (the recommended distance between eye and monitor is 1.75 times the width of the
monitor screen). The Eyelink 1000 plus eye tracking system was used to monitor eye movement.
The task was carried out in a closed, dark room to minimize light and sound distraction. It was
operated from the presentation computer placed in a different room, which was connected to the
host computer to control the eye tracker.
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Stimuli. Every trial began with a drift correction procedure. A dot appeared at the center
of the screen and participants had to gaze at it and press the space bar on the keyboard. This was
done to ensure that the participant was looking at the center of the screen before the trial began.
Once the camera detected the eye in the correct position, the actual trial began. A fixation cross
appeared at the center of the screen for 2000ms. An image was then presented either to the right
or to the left for 600ms followed by an arrow for 100ms (Derakshan et al., 2009). Participants
had to respond to the direction of the arrow (up or down) by pressing designated buttons on the
keyboard. Each trial ended either with the button response or after 5000ms of arrow offset.
Neutral

Food

2000 ms

600 ms

100 ms

Figure 1. Outline of anti-saccade task showing neutral and food cues.
The images used for this experiment were obtained from a research study conducted by
Blechert, Meule, Busch, and Ohla (2014). They used some images from a commercially
available database (Hemera Photo Objects, Vols. I-III), some from non-copyrighted source on
the internet, and some taken in their lab using an Olympus SZ- 31MR digital camera (Blechert et
al, 2014). One hundred and twenty unique images were selected from the image collection and
were divided into five categories: high calorie sweet food (20 images), low calorie sweet food
(20 images), high calorie savory food (20 images), low calorie savory food (20 images), and non-
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food neutral images (40 images). Of the non-food images, 40 were selected randomly (see
Appendix C). The images from the food category were selected by taste (sweet or savory). The
palatability scores of the food images were taken from the original study and were used to select
the food images that were identified as highly palatable. The mean (and standard deviation)
palatability scores of the selected image categories are as follows: high calorie sweet was 59.4
(6.96), high calorie savory was 56.65 (6.17), low calorie sweet was 72.4 (7.5), and low calorie
savory was 60.85 (6.88). The food and neutral images were used as cues while images of the
arrow, which were either pointing upwards or downwards, were used as target stimuli.
Procedure. In the pro-saccade trial, participants were asked to look towards the cue
image and then respond to the arrow direction as quickly and accurately as possible. Both the
image and the arrow appeared on the same side of the screen. On the other hand, in the antisaccade trial, participants had to look away from the image and respond to the arrow direction.
For these trials, the image and the arrow appeared on opposite sides. There were two blocks of
120 trials resulting in a total of 240 trials. One hundred and twenty unique images were used in
the pro-saccade block, each of which was repeated for the anti-saccade block. Image category,
image and arrow location, and arrow direction were randomized. The eye-tracker recorded eye
movements for each of the trial and the behavioral response through button press was recorded
by the program. The measure that was used for the study was latency of the first correct saccade
that takes place after the cue (that is, food or neutral images) is presented in antisaccade
condition. Longer saccade latency indicates more impaired inhibitory control (Unsworth,
Schrock, & Engle, 2004).
Conners Continuous Performance Test (CPT 3; Conners, 2014). The Conners
Continuous Performance Test 3 is a standardized computerized test that evaluates attention-
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related problems (Conners, 2014). There are 360 trials that are divided into six blocks, each with
60 trials. Each block is further divided into three sub-blocks each with 20 trials. The sub-blocks
in each block have different inter-stimulus intervals (ISIs): 1, 2, or 4 seconds. The order of the
sub-blocks varies among blocks. The task begins with a 1-minute practice session followed by
the actual assessment which has a duration of 14 minutes. Each trial is initiated by the
appearance of a letter at the center of the screen. Participants are instructed to respond to the
letter presented by pressing the spacebar, with the exception of the letter “X”, to which they
should not respond. The average display time for each stimulus is approximately 250
milliseconds. The ratio of target (non-X stimuli) to non-target (X stimuli) is 80% to 20%. Errors
of commission was used from the CPT 3. This error occurred when participants responded to
non-target stimuli. This is a possible indicator of impulsivity and impaired inhibitory control.
Higher scores indicated higher rate of impulsivity and/or impaired inhibitory control.
The Conners CPT 3 was developed based on data from a normative sample of 1400
individuals in the USA (800 youths between 8 and 17 years, and 600 adults between 18 and 89
years). A clinical sample including 349 youths and 145 adults was also used in its development
process to ensure validity and reliability. The internal consistency was measured using split-half
reliability. The median half-split reliability across all scores for normative and clinical samples
ranged from .92 to .93 and from .92 to .95 respectively. The assessment also revealed significant
differences in mean scores between ADHD samples and matched general population samples.
The Cohen’s d ranged between .21 and .49. A copy of this measure is not included in the
Appendix as it is protected by copyright.
Iowa Gambling Task (IGT, Bechara, 2007). The Iowa Gambling Task examined the
ability of learning through hypothetical reward and punishment. Participants were presented with
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four decks of cards, two of which offered higher monetary rewards, but also infrequent, high
levels of punishment (i.e., large monetary losses), whereas other stacks offered lower rewards
and also more frequent, but lower levels of punishment (i.e., smaller monetary losses).
Participants had to select cards to try and earn as much money as possible. This task took
approximately 20 minutes to complete. Studies show that performance on the IGT is
significantly correlated with the Wisconsin Card Sort Task, another measure of executive
functioning (Bechara, 2007).
The key outcome variable for this measure included the Total Net T Score. This is
calculated by subtracting the total amount of cards selected from the disadvantageous decks from
the advantageous decks. Higher Net T scores indicate less impulsive performance (i.e., better
performance). A copy of this measure is not included in the Appendix because it is protected by
copyright.
Figure Weights, Wechsler Adult Intelligence Scale (WAIS-IV; Wechsler, 2008) The
WAIS-IV is a standardized, reliable, and valid test battery widely used to assess cognitive
functioning in individuals aged 16 years and older. From this battery, the Figure Weights subtest
was administered to estimate full-scale IQ. Participants were presented with a scale that is
unbalanced. They had to choose from a series of options the response that would balance the
scale. This is a measure of fluid reasoning. It was administered as one on the eligibility criteria
for the lab assessment. Individuals who passed the screening questions from the online survey
needed to have an IQ score greater than or equal to 75 in Figure Weights to be eligible for the lab
assessment. A copy of this measure is not included in the Appendix as it is protected by
copyright.
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Procedure
The first part of this study was a screening assessment conducted online. Participants
signed up for the online segment either through SONA or through flyers. The SONA system in
an online platform that is used by the Department of Psychology of the City College of New
York to recruit students to participate in psychological studies in exchange for course credits.
Flyers were posted at multiple locations in the campus to promote participation of students from
disciplines in addition to psychology. Data was collected through Qualtrics, an online software
that runs surveys. Participant had to provide consent electronically and meet several inclusion
criteria. If participants did not meet eligibility criteria they were thanked for their participation
and the survey ended. All eligible participants could proceed through the survey which consisted
of items about their demographic information and self-report questionnaires on attention
difficulties, impulsive or hyperactive behavior, impairment in executive functioning, anxiety,
stress, depression, and eating behaviors. All eligible and ineligible participants received 1 SONA
credit for their participation. Based on the responses of the online questionnaires, eligible
participants were contacted for the in-person lab session. Screening questions were reviewed
with them to ensure that they still met the inclusion and exclusion criteria for the study. They
were also asked not to use any eye make-up to ensure that the eyes were trackable without error
and reminded not to eat in the 3 hours before their evaluation.
On the day of the lab assessment, participants were informed about the study, its potential
benefits and risks, voluntary nature of participation, confidentiality policy, and compensation of
their time. If they agreed to participate, they signed the consent form. Next, participants’ height
and weight were measured to calculate the BMI. Participants then completed the Figure Weights
subtest from the WAIS-IV (Wechsler, 2008). If they achieved a scaled score less than 5
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(equivalent to a Standard Score of 75) they were excluded. Participants who passed this criterion
completed the saccade reaction task, the Conners CPT 3, and the IGT. To minimize or eliminate
order effects, these tasks were randomized. Finally, participants filled out the EDE-Q and CIA.
The session lasted for three hours. After completion of the session, participants were thanked for
their time, debriefed about the study, and awarded 3 SONA-credits for their participation.
Data Analysis
Participant’s BMIs were calculated using their objectively measured height and weight.
Participants with BMI < 25.0 was considered to be “Underweight or Normal” while individuals
with BMI  25.0 was categorized as “Overweight or Obese” (World Health Organization, 2018).
The ADHD-EF Index scores were calculated by summing scores of designated items from the
Barkley Deficit in Executive Functioning Scale (BDEFS; Barkley, 2011).
Severity of disordered eating behavior was measured using three different measures. For
this study, binge eating frequency was the number of episodes the individual had experienced in
the previous 28 days characterized by eating in large quantities and loss of control while eating.
A dichotomous measure of binge eating was created by grouping those who had experienced
four or more such episodes over the past 28 days (binge eating present) versus three or fewer
episodes (binge eating absent). The Eating Concerns subscale was obtained by calculating the
mean score from five items exploring eating concerns from EDE-Q, to create a continuous
measure of Eating Concerns. Individuals were classified as High or Low by using a threshold of
more than 1 SD above the mean for the normative sample. Last, the presence of psychosocial
impairment as a consequence of eating behavior was assessed using CIA scores. The suggested
cutoff score of 16 was used to dichotomize the measure into High and Low impairment. The

OBESITY, ADHD, AND DISORDERED EATING

37

number of areas where disordered eating was observed was also calculated by summing the
number of areas of disordered eating where individuals were classified as “High”.
The measures for executive dysfunction were observed for food and non-food stimuli.
The antisaccade block comprised 80 trials with food images and 40 trials with non-food neutral
images. Food related inhibitory control was assessed by using mean and standard deviation of
the first correct saccade latency for food images from the antisaccade task. The data was
extracted using Data Viewer software, which was programmed to select only the saccades that
began after the presentation of the cue (food images) and ended before the onset of the target
(arrow image). Among these saccades, only the first correct saccade was selected from each trial
to be aggregated to find the mean saccade latency for each participant. In addition to saccade
latency, proportion of correct, incorrect and corrective saccades were calculated as additional
saccade related measures for food images. Last but not the least, behavioral response reaction
time for direction of the arrows, and proportion of omission and commission errors for responses
to the arrow following food stimuli were calculated. As noted above, the antisaccade block also
comprised 40 trials of neutral, non-food images. All the outcome measures that were used for
food stimuli were also calculated for neutral images. In addition to neutral images on the saccade
task, neuropsychological functioning was also assessed using proportion of commission errors
from the Conners continuous performance task and the Iowa Gambling Task Net T score.
All statistical analysis was performed using SPSS Version 24. Descriptive analysis was
done to summarize demographic information. The hypotheses were tested using several multiple
linear regressions using enter method as well as a correlation analysis.
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Results
Frequency and severity of ADHD and Overweight/Obesity
Of the 39 participants, 18 (46.2%) had “Underweight or Normal” BMI, while 21 (53.8%)
were “Overweight or Obese”. Approximately two thirds (n=26, 66.7%) of participants were
classified as High ADHD, while 13 participants (33.3%) were Low ADHD. Figure 1 shows the
mean (SD) BMI and ADHD severity scores for individuals as a function of BMI and ADHD
classification. Significant differences in ADHD severity, F(3, 35) = 26.54, p < .0001, p2=.70,
and BMI, F(3, 35) = 25.54, p < .0001, p2=.69, were observed as a function of Group. As
expected, individuals in the High ADHD only and Comorbid groups had significantly higher
ADHD severity than Control and Overweight/obese groups, but they did not differ from each
other. As expected, participants in the Overweight/obese only and Comorbid groups had
significantly higher BMI than the Control and High ADHD only groups. There were also no

Mean (±1SE) Severity

significant differences in BMI between the Overweight/obese only and Comorbid groups.
ADHD Severity

BMI

35
30
25
20
15

10
5
0

Control

Overweight/Obese High ADHD only
only

Comorbid

Group

Figure 2. Mean (1SE) severity as a function of Group. ADHD severity measured using raw
scores of the Barkley Deficits in Executive Functioning Scale ADHD-EF Index. BMI calculated
from objectively measured height and weight, using the formula weight (kg) / height 2 (m2).
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Frequency and severity of Disordered Eating
Three continuous measures of disordered eating were obtained: frequency of binge eating
episodes for the previous 28 days; mean severity on the Eating Concerns scale; and severity of
psychosocial impairment experienced as a consequence of eating behavior. The groups were not
evenly distributed in terms of the sample size (see Table 2). The largest group was the Comorbid
group which, as expected, had the highest mean scores for all three eating measures, but also
considerable variability among scores.
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Table 2
Descriptive statistics of eating measures as a function of group.
Variables

Controls (N=7)

Overweight/Obese only (N=6)

High ADHD only (N= 11)

Comorbid (N=15)

Overall (N=39)

M(SD)

Range

M(SD)

Range

M(SD)

Range

M(SD)

Range

M(SD)

Range

1.00(1.83)

0-5

2.50(4.18)

0-10

1.91(4.39)

0-14

2.73(3.33)

0-10

2.15(3.52)

0-14

.37(.51)

0-1.40

1.20(.73)

.20-2.40

.36(.37)

0-1.00

1.25(1.27)

0-4.80

.84(.97)

0-4.8

Psychosocial

2.43

0-6

8.67(4.55)

2-15

3.45(3.53)

0-13

13.00(12.38)

0-40

7.74(9.21)

0-40

Impairment

(2.23)

Binge eating
frequency
Eating
Concerns

Note. Binge Eating Frequency is number of binge eating episodes; Eating Concerns is a subscale of the Eating Disorders Examination
Questionnaire (EDE-Q); Psychosocial Impairment is measured using the Clinical Impairment Assessment Questionnaire (CIA).
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All measures were dichotomized into High and Low, as described above in the Data
Analysis section. Table 3 shows the correlations among the continuous measures of disordered
eating, which ranged from no significant association (Binge Eating Frequency and Psychosocial
Impairment) to strong (Eating Concerns severity and Psychosocial Impairment severity).

Table 3
Correlations among disordered eating outcomes
Binge eating frequency

Eating concerns

Eating Concerns

.37*

--

Psychosocial Impairment

.15

.83**

Note. Binge Eating Frequency is number of binge eating episodes; Eating Concerns is a subscale of the Eating
Disorders Examination Questionnaire (EDE-Q); Psychosocial Impairment is measured using the Clinical
Impairment Assessment Questionnaire (CIA).
*p< .05; **p< .01

Across all participants, mean (SD) number of binge episodes was 2.15 (3.52) over the
previous 28 days. Using the threshold of four or more binge eating episodes over the past 28
days, nine (23.1%) people showed elevated frequency of binge eating episodes. Over half
(55.6%) of these individuals showed presence of disordered eating on at least one other measure.
The mean (SD) Eating Concerns score was .84 (.97). Clinically significant concern was
established as a score falling higher than 1SD above the mean of the normative sample. Seven
(17.9%) people fell in the high group, all of whom scored “high” on at least one other measure.
The mean (SD) CIA score was 7.74 (9.21). Using the cut-off score of 16 for clinically
significant concern, four (10.3%) individuals, fell in the “High” impairment group. These four
individuals also earned high scores on at least one other eating measure.
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Figure 3 shows the number of people who scored in the “High” range of each of the
dichotomized measures of disordered eating. Among the 39 participants, 28 (71.8%) did not
show any eating-related impairment, 4 (10.3%) exhibited disordered eating behavior on one
measure, 5 (12.8%) participants had high scores on two measures, and 2 (5.1%) individuals were
classified as showing disordered eating behavior or impairment on all the three measures.

5%
13%
10%
72%

No impairment

Impairment on 1 measure

Impairment on 2 measures

Impairment on all measures

Figure 3. Frequency distribution of disordered eating behavior among eating outcomes
Note. Frequency distribution shows percentage of sample having no impairment, impairment on one of the eating
measures, impairment on two of the eating measures, and impairment on all the eating measures.
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Do higher ADHD severity and higher BMI predict more impaired eating behavior?
It was hypothesized that higher ADHD severity and higher BMI would be associated
with more impaired eating behavior. Three separate multiple linear regression analyses were
carried out to test this, with disordered eating outcomes regressed on ADHD severity, BMI, and
their interaction.
Binge eating frequency was not significant related to ADHD severity and BMI, F(2, 36)
= .55, p = .58. Together, ADHD severity and BMI accounted for 2% of the variability in the
model. With the addition of the interaction between the two terms, the model was still not
significant Fchange (1, 35) =.11, R2 change = .003, p = .74. Neither ADHD severity nor BMI
was separately associated with binge eating frequency.
Eating Concerns was regressed on ADHD severity and BMI, and their interaction, and
the model was marginally significant, F(2, 36) = 2.54, p = .09. Together, ADHD severity and
BMI accounted for 6% of the variance in the outcome. There was no improvement to the model
with the inclusion of the interaction term, Fchange (1, 35) =.44, R2 change = .01, p = .51, and
BMI remained the only independent predictor of Eating Concerns,  =.36.
For the Psychosocial Impairment, the model including ADHD severity and BMI was
significant, F(2, 36) = 2.89, p = .03. The two terms accounted for 18% of variance in the
outcome, although only BMI was a significant, independent predictor. The interaction term did
not improve the model, Fchange (1, 35) =.30, R2 change = .01, p = .59; in fact, when the
interaction term was added, the overall model was marginally significant, p=.06. As shown in
Table 4, in the final model, BMI was the only variable that was significantly independently
related to Psychosocial Impairment severity, with a one standard deviation increase in BMI score
leading to a .39 standard deviation increase in Psychosocial Impairment.
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Table 4
Multiple linear regression showing the association between ADHD severity and BMI and
disordered eating outcomes.
Outcome
Binge Eating Frequency

Eating Concerns

Psychosocial Impairment

Predictors
ADHD severity
BMI
ADHD severity x BMI
ADHD severity
BMI
ADHD severity x BMI
ADHD severity
BMI
ADHD severity x BMI


-.02
.18
.06
.09
.36
.11
.19
.39
.09

t
-.09
1.06
.34
.52
2.25
.66
1.18
2.55
.55

p
.93
.30
.74
.61
.03
.51
.25
.02
.59

Note. Binge Eating Frequency is number of binge eating episodes; Eating Concerns from the Eating Disorder
Examination Questionnaire (EDE-Q), Psychosocial Impairment is measured using the CIA.
Final models, including single predictors and interaction term for: Binge Eating Frequency, F(3, 35) = .40, p = .76,
Adj R2 = -.05; Eating concerns, F(3,35) = 1.81, p= .163, Adjusted R2 = .06, and psychosocial impairment caused by
disordered eating behavior, F(3,35) = 2.65, p= .06, Adjusted R2 = .12.

Is inhibitory control related to disordered eating?
The second aim investigated whether executive dysfunction was related to disordered
eating, and whether differences in this relation were observed between general inhibitory control
and food-specific inhibitory control. Performance on measures of neuropsychological
functioning across the four groups is shown in Table 5. For food cues, the variability among the
comorbid group appeared to be greater than the controls. Interestingly, however, there was
generally not much difference among the groups. It is also important to interpret these results
with caution given the small sample size and the fact that the number of people within each
group was not evenly distributed.
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Table. 5
Descriptive statistics of neuropsychological measures as a function of Group.

Variables

Controls (N=7)

Overweight/Obese only

High ADHD only (N= 13)

Comorbid (N=13)

Overall (N=39)

(N=6)
M(SD)

Range

M(SD)

Range

M(SD)

Range

M(SD)

Range

M(SD)

Range

Neuropsychological measures for food stimuli
Mean Latency for

42.05 (5.70)

43.39-50.98

55.38 (29.36)

29-112

45.27 (6.33)

35.81-57.32

47.43 (8.35)

35.94-62.46

46.74 (8.92)

29-112

8.85 (4.13)

4.63-16.85

11.61 (4.20)

8.07-17.34

11.36 (4.07)

4.65-17.38

15.68 (9.81)

5.85-37.29

12.70 (7.39)

4.63-37.29

.57 (.18)

.27-.73

.41 (.35)

.03-.91

.45 (.26)

.03-.83

.36 (.22)

.07-.77

.43 (.25)

.03-.91

.11 (15)

0-.36

.18 (.22)

0-.50

.09 (.09)

0-.23

.10 (.12)

0-.41

.11 (.14)

0-.50

.83 (.22)

.50-1.00

.79 (.23)

.44-1.00

.85 (.12)

.64-1.00

.84 (.18)

.30-1.00

.83 (.17)

.30-1.00

Mean RT for arrow,

795.59

646.15-

.684.12

499.91-

634.92

457.16-

735.92

518.66-

710.06

475.16-

food cue

(120.26)

1023.52

(126.36)

840.11

(143.15)

958.66

(159.97)

1206.13

(150.17)

1206.13

food
Latency SD for
food
Correct saccade
ppn, food cue
Incorrect saccade
ppn, food cue
Corrective saccade
ppn, food
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RTSD for arrow,

294.26

146.41-

214.01

78.29-

298.16

142.04-

308.75

142.15-

288.59

78.29-

food cue

(159.00)

576.42

(93.59)

368.04

(113.01)

501.55

(119.04)

565.46

(121.64)

576.42

Omissions, food

.03 (.04)

0-.10

.02 (.02)

0-.06

.06 (.06)

0-.20

.02 (.03)

0-.09

.03 (.04)

0-.20

.06 (.05)

0-.14

.10 (.10)

.01-.28

.06 (.04)

0-.14

.07 (.05)

.01-.20

.07(.06)

0-.28

49.75 (7.08)

43.17-

49.66 (7.93)

36.00-59.95

47.88 (11.28)

33.00-68.20

46.74 (8.92)

33.00-68.20

cue
Commissions, food
cue
Neuropsychological measures for neutral stimuli
Mean Latency,

41.86 (4.46)

33.83-46.58

neutral

59.00

Latency SD, neutral

10.38 (3.66)

6.56-15.75

8.48 (6.91)

.71-19.17

10.92 (4.63)

4.24-17.06

14.18 (13.21)

3.71-52.95

11.62 (8.84)

.71-52.95

Correct saccade

.54 (.24)

.12-.75

.42 (.33)

.04-.95

.44 (.27)

.09-.80

.34 (.22)

.03-.70

.42 (.26)

.03-.95

.15 (.18)

.04-.52

.22 (.27)

0-.67

.09 (.12)

0-.37

.10 (.10)

0-.25

.13 (.15)

0-.67

.74 (.16)

.41-.89

.58 (.40)

0-1.00

.87 (.15)

.57-1.00

.81 (.13)

.62-1.00

.78 (.22)

0-1.00

887.03

678.39-

718.06

515.42-

612.78

452.31-

730.59

488.46-

723.51

452.31-

(219.05)

1355.70

(139.94)

856.52

(109.61)

821.30

(144.11)

1038.76

(171.67)

1355.70

421.46

237.81-

378.21

83.52-

227.57

90.39-

273.03

112.80-

303.05

83.52-

(179.59)

673.48

(228.46)

775.03

(146.14)

578.04

(121.07)

511.03

(168.71)

775.03

ppn, neutral
Incorrect saccade
ppn, neutral
Corrective saccade
ppn, neutral
Mean RT, neutral

RTSD neutral
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.03 (.03)

0-.08

.05 (.09)

0-.23

.07 (.07)

0-.23

.03 (.03)

0-.10

.04 (.06)

0-.23

.04 (.03)

0-.1

.13 (.14)

0-.38

04 (.03)

0-.10

.07 (.05)

0-.18

.07 (.07)

0-.38

411.32

358.58-

446.39

398.39-

409.42

343.69-

390.84

348.35-

408.76

343.69-

(47.47)

473.19

(35.14)

501.25

(41.88)

483.25

(43.16)

449.19

(44.87)

501.25

133.02

62.57-

134.93

66.56-

107.24

58.48-

96.69 (21.56)

68.36-

112.48

58.48-

(62.59)

216.96

(59.66)

244.85

(32.66)

164.51

140.71

(42.80)

244.85

CPT omission error

.03 (.03)

0-.09

.02 (.02)

0-.06

.02 (.04)

0-.14

.01 (.01)

0-.04

.01 (.03)

0-.14

CPT commission

.33 (.08)

.21-.44

.20 (.10)

.06-.32

.29 (.16)

.07-.57

.32 (.14)

.10-.63

.29 (.13)

.06-.63

IGT net total T

48.86

31-68

53.83 (14.66)

38-73

46.70 (18.27)

-1-63

47.77 (11.31)

26-65

48.69

-1-73

scores

(14.03)

neutral
Commission errors,
neutral
CPT Mean RT

CPT RTSD

error

(14.16)

Notes. Food related neuropsychological measures from Antisaccade Task: Antisaccade latency (Mean); Antisaccade latency(SD); Correct saccade proportion;
Incorrect saccade proportion; Corrective saccade proportion; Correct response proportion; Mean reaction time for correct response; Reaction time standard
deviation for correct response; Omission error for behavioral response; Commission error for behavior reasons; Non-food related neuropsychological measures
from Antisaccade Task: Antisaccade latency (Mean); Antisaccade latency(SD); Correct saccade proportion; Incorrect saccade proportion; Corrective saccade
proportion; Correct response proportion; Mean reaction time for correct response; Reaction time standard deviation for correct response; Omission error for
behavioral response; Commission error for behavior response; Non-food related neuropsychological measures from Conners Continuous Performance Task
(CPT3): Mean reaction time for correct response; Reaction time standard deviation for correct response; Omission error for behavioral response; Commission
error for behavior response; Non-food related neuropsychological measures from Iowa Gambling Task: Total Net t score.
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Bivariate correlations among the various neuropsychological functioning measures
showed overall consistency among the measures (see Table 6). The analysis suggested that
longer saccade latency following presentation of food cues was associated with higher proportion
of incorrect saccades (r = .38, p= .017) and lower tendency to correct the saccade (r= -.35, p=
.028). Longer saccades for food images were associated with higher rate of erroneous responses
to the arrow, following presentation of both food (r= .45, p= .004) and neutral stimuli (r= .63, p<
.001). Furthermore, results showed that the higher proportion of incorrect saccades for food
stimuli were associated with higher proportion of erroneous responses to the arrows (r= .65, p<
.001)
The study also analyzed the corrective saccades to understand self-monitoring.
Correlation analysis revealed that higher proportion of corrective saccades following
presentation of food cues was associated with lower mean reaction time (r= -.41, p= .01) and
fewer commission errors in responding to the direction of the arrow (r= -.57, p< .001).
Correlation analyses between different measures of neuropsychological functioning and
presence of disordered eating behavior can be seen in Table 7. None of the food-related
neuropsychological measures showed any significant correlation with any of the eating
measures, with values ranging from r = -.002, p  .99 (proportion of correct saccade for a food
cue) to r =.25, p  .13 (errors of commission for arrow direction following food cue). Among the
non-food related neuropsychological measures, only the mean saccade latency for neutral stimuli
was significantly related to Eating Concerns total score, r = .35, p = .028. This indicated that
individuals with more severe eating concerns took longer to respond to the target (arrow
direction) when a neutral stimulus was used as cue.

OBESITY, ADHD, AND DISORDERED EATING

49

Do food-related inhibitory control weaknesses moderate the relations between
inattention/hyperactivity and overweight/obesity and binge eating?
The third aim considered the interactions among neuropsychological functioning and
attention/hyperactivity and overweight/obesity and their association with disordered eating. First,
correlations between BMI and neuropsychological functioning, and ADHD severity and
neuropsychological functioning were carried out (see Table 8). Higher ADHD severity was
associated with faster responses to arrow direction in the antisaccade task when presented with
non-food related stimuli (r= -.37, p= .02), while the variability in the response time decreased (r=
-.38, p= .02). Results also showed that attempts for corrective saccades increased with higher
ADHD severity (r= .39, p= .014). Higher BMI was accompanied with higher rates of erroneous
antisaccades for both neutral (r= .38, p= .018) and food related stimuli (r= .40, p= .012). As BMI
increased, individuals made fewer omission errors on responses to the arrow (r= -.32, p= .004).
Additionally, with higher BMI, people were more likely to make erroneous responses for neutral
images (r= .41, p= .009)
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Table 6
Correlations among neuropsychological functioning measures.

1

1

2

3

4

5

6

7

8

9

10

11

12

Mean
Latency for
food
Latency SD
for food

1.00

.53*

--

Correct
saccade ppn,
food cue
Incorrect
saccade ppn,
food cue
Corrective
saccade ppn,
food
Mean RT for
arrow, food
cue
RTSD for
arrow, food
cue
Omissions,
food cue

-.15

-.21

--

.38*

.01

-.57 *

--

-.35 *

.04

.35*

-.94 *

--

.01

-.05

-.33 *

.45*

-.41 *

--

-.12

.01

-.38 *

.22

-.19

.67*

--

-.24

-.32

.19

-.01

-.14

.02

.07

--

9

Commission
s, food cue

.45*

.07

-.25

.65*

-.57 *

.32

.15

-.14

--

10

Mean
Latency,
neutral
Latency SD,
neutral
Correct
saccade ppn,
neutral
Incorrect
saccade ppn,
neutral

.33*

.52*

-.09

.11

-.09

.06

-.02

-.26

.26

--

.04

.63*

.04

-.16

.12

<.01

.06

-.13

.02

.74*

--

-.08

-.19

.94*

-.55 *

.37*

-.33 *

-.38 *

.14

-.27

-.06

.03

--

.44*

.14

-.56 *

.86*

-.74 *

.45*

.13

-.03

.65*

.06

-.13

-.59 *

2
3

4

5

6

7

8

11
12

13

13

--

14

15

16

17

18

19

20

21

22
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Corrective
saccade ppn,
neutral
Mean RT,
neutral

-.36 *

-.14

.08

-.55 *

.50*

-.30

.03

.08

-.45 *

.004

.14

.09

.69*

--

.04

-.02

-.22

.48*

-.43 *

.87*

.46*

.07

.35*

0

-.04

-.27

.58*

-.46 *

--

RTSD
neutral
Omission
errors,
neutral

-.18

.03

-.29

.35*

-.24

.46*

.30

.04

0.26

-.05

-.13

-.33 *

.43*

-.30

.66*

--

-.10

-.25

.14

.02

-.11

-.004

.13

.73*

-.02

-.12

-.11

.19

-.11

.08

-.10

-.08

--

18

Commission
errors,
neutral

.63*

.52*

-.40 *

.67*

-.56 *

.27

-.04

-.17

.68*

.31

.01

-.38 *

.77*

-.49 *

.31

.25

-.12

--

19

CPT Mean
RT
CPT RTSD

0.11

-.31

-.05

.27

-.26

.39*

-.04

.20

.19

.23

-.05

-.07

.20

-.11

.32*

.17

.15

.21

--

.15

-.22

-.14

.32

-.34 *

.43*

.06

.08

0.23

0.24

.02

-.16

.21

-.04

.41*

.27

.02

.15

.74*

--

CPT
omission
error
CPT
commission
error

-.04

-.04

0.22

-.09

.002

.14

-.01

-.03

-.07

0.14

.09

.19

-.09

-.03

.05

.05

.09

-.002

.25

.29

--

-.06

-.03

-.26

.26

-.27

.17

.30

-.25

.14

-.12

-.01

-.26

.18

.02

.13

.07

-.21

.01

-.41 *

.07

.17

--

IGT net total
T scores

-.09

-.02

.18

-.18

.14

.004

.10

-.09

-.01

-.02

-.06

.07

-.19

.01

-.04

.05

.01

-.09

.06

.02

-.12

.05

14

15
16
17

20
21

22

23

*p< .05; Notes. Eating measures: Binge eating Frequency and Eating concerns subscale from Eating Disorders Examination Questionnaire (EDE-Q);
Psychosocial Impairment from Clinical Impairment Assessment Scale (CIA); Food related neuropsychological measures from Antisaccade Task: Antisaccade
latency (Mean); Antisaccade latency(SD); Correct saccade proportion; Incorrect saccade proportion; Corrective saccade proportion; Correct response proportion;
Mean reaction time for correct response; Reaction time standard deviation for correct response; Omission error for behavioral response; Commission error for
behavior reasons; Non-food related neuropsychological measures from Antisaccade Task: Antisaccade latency (Mean); Antisaccade latency(SD); Correct
saccade proportion; Incorrect saccade proportion; Corrective saccade proportion; Correct response proportion; Mean reaction time for correct response; Reaction
time standard deviation for correct response; Omission error for behavioral response; Commission error for behavior response; Non-food related
neuropsychological measures from Conners Continuous Performance Task (CPT3): Mean reaction time for correct response; Reaction time standard deviation
for correct response; Omission error for behavioral response; Commission error for behavior response; Non-food related neuropsychological measures from Iowa
Gambling Task: Total Net t score.
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Table 7
Correlations among neuropsychological functioning and disordered eating behavior.

Mean Latency for food
Latency SD for food
Correct saccade ppn, food cue
Incorrect saccade ppn, food cue
Corrective saccade ppn, food
Mean RT for arrow, food cue
RTSD for arrow, food cue
Omissions, food cue
Commissions, food cue
Mean Latency, neutral cues
Latency standard deviation, neutral cues
Correct saccade ppn, neutral cues
Incorrect saccade ppn, neutral cues
Corrective saccade ppn, neutral cues
Mean RT, neutral cues
RTSD, neutral cues
Omission errors, neutral cues
Commission errors, neutral cues
CPT Mean RT
CPT RTSD
CPT omission error
CPT commission error
IGT net total T scores

Binge Eating
Frequency
.12
-.03
-.002
.07
-.13
.19
.05
-.03
.05
.05
.02
.02
-.01
.10
.2
.01
-.01
-.05
.12
.17
-.06
-.01
.04

Eating Concerns
Severity
.15
.02
-.03
.03
-.03
.08
.00
-.18
.25
.35*
.27
-.02
.01
.07
.09
.01
-.09
.17
.11
.10
-.06
.02
.04

Psychosocial
Impairment
.12
.02
-.06
-.02
.05
-.10
-.20
-.19
.26
.18
.16
-.05
.05
.03
-.08
-.09
-.13
.19
-.08
-.14
-.12
-.01
-.12

*p< .05. Notes. Eating measures: Binge eating Frequency and Eating concerns subscale from Eating Disorders
Examination Questionnaire (EDE-Q); Psychosocial Impairment from Clinical Impairment Assessment Scale (CIA);
Food related neuropsychological measures from Antisaccade Task: Antisaccade latency (Mean); Antisaccade
latency(SD); Correct saccade proportion; Incorrect saccade proportion; Corrective saccade proportion; Mean
reaction time for correct response; Reaction time standard deviation for correct response; Omission error for
behavioral response; Commission error for behavior reasons; Non-food related neuropsychological measures from
Antisaccade Task: Antisaccade latency (Mean); Antisaccade latency(SD); Correct saccade proportion; Incorrect
saccade proportion; Corrective saccade proportion; Mean reaction time for correct response; Reaction time standard
deviation for correct response; Omission error for behavioral response; Commission error for behavior response;
Non-food related neuropsychological measures from Conners Continuous Performance Task (CPT3): Mean reaction
time for correct response; Reaction time standard deviation for correct response; Omission error for behavioral
response; Commission error for behavior response; Non-food related neuropsychological measures from Iowa
Gambling Task: Total Net t score.
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Table 8
Correlations between ADHD severity and neuropsychological measures

BMI

ADHD severity

Mean Latency for food

.15

-.09

Latency standard deviation for food

.19

.10

Correct saccade proportion for food

-.40*

-.14

Incorrect saccade proportion for food

.27

-.20

Corrective saccade proportion for food

-.15

.14

Mean reaction time for food

.23

-.18

Reaction time standard deviation for food

.01

.14

Correct response for food

.06

-.06

Omission error for food

-.32*

.21

Commission error for food

.16

-.08

Mean Latency for neutral

.14

.16

Latency standard deviation for neutral

.03

.21

Correct saccade proportion for neutral

-.38*

-.16

Incorrect saccade proportion for neutral

.29

-.27

Corrective saccade proportion for neutral

-.19

.39*

Mean reaction time for neutral

.11

-.37*

Reaction time standard deviation for neutral

.10

-.37*

Correct response for neutral

-.17

.11

Omission error for neutral

-.25

.13

Commission error for neutral

.41*

-.24

CPT reaction time

.06

-.11

CPT reaction time standard deviation

-.11

-.17

CPT omission error

-.10

-.09

CPT commission error

-.04

-.13

IGT net total T scores

-.05

-.13

*p< .05; Notes. Eating measures: Binge eating Frequency and Eating concerns subscale from Eating Disorders
Examination Questionnaire (EDE-Q); Psychosocial Impairment from Clinical Impairment Assessment Scale (CIA);
Food related neuropsychological measures from Antisaccade Task: Antisaccade latency (Mean); Antisaccade
latency(SD); Correct saccade proportion; Incorrect saccade proportion; Corrective saccade proportion; Correct
response proportion; Mean reaction time for correct response; Reaction time standard deviation for correct response;
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Omission error for behavioral response; Commission error for behavior reasons; Non-food related
neuropsychological measures from Antisaccade Task: Antisaccade latency (Mean); Antisaccade latency(SD);
Correct saccade proportion; Incorrect saccade proportion; Corrective saccade proportion; Correct response
proportion; Mean reaction time for correct response; Reaction time standard deviation for correct response;
Omission error for behavioral response; Commission error for behavior response; Non-food related
neuropsychological measures from Conners Continuous Performance Task (CPT3): Mean reaction time for correct
response; Reaction time standard deviation for correct response; Omission error for behavioral response;
Commission error for behavior response; Non-food related neuropsychological measures from Iowa Gambling Task:
Total Net t score.

The neuropsychological measures that accounted for at least 5% of the variance in eating
measures (i.e., r ≥ .224) were included in a series of multiple linear regression analyses, along
with ADHD severity and BMI, and their interaction. The proportion of commission errors when
responding to the arrow following presentation of a food cue was the only food-related
neuropsychological measure used. Mean antisaccade latency and standard deviation following
presentation of neutral cues were used as indicators of general inhibitory control.
Food-related inhibitory control. For Eating Concerns, the model comprising ADHD
severity, BMI, and Commission Error for food stimuli was not statistically significant, F(3, 35) =
2.28, p = .10, with the three terms accounting for 9% of the variance in outcome. Adding the
three two-way interaction terms did not improve the model, Fchange (3, 32) =.89, R2 change =
.063, p = .46. The three-way interaction that was added in the final step of the model also did not
enhance the model, Fchange (1, 31) = 1.99, R2 change = .05, p = .17. Table 9 shows that BMI
was significantly related with concerned eating behavior; and a one standard deviation increase
in BMI was associated with a .44 standard deviation increase in Eating Concerns score.
Psychosocial Impairment was regressed on ADHD severity, BMI, and Commission errors
as independent predictors; the model was statistically significant F(3, 35) = 3.40, p = .03.
Together, the three independent measures explained 16% of the outcome variance. The addition
of the three two-way interaction terms did not improve the model, Fchange (3, 32) = .80, R2
change = .05, p = .51, and nor did the three-way interaction term in the final step, Fchange (1,
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31) = .02, R2 change = .001, p = .88. As shown in Table 9, none of the variables were
independent predictors of the Psychosocial Impairment, although BMI just failed to achieve
significance,  =.35, p=.05.
General inhibitory control. For Eating Concerns, the model comprising ADHD
severity, BMI and Mean Latency for antisaccades following neutral stimuli was significant, F(3,
35) = 3.19, p = .04, with the three terms accounting for 15% of the variance in outcome. When
the three two-way interaction terms were added, the model was not significantly different,
Fchange (3, 32) =.26, R2 change = .019, p = .85. The three-way interaction that was added in the
final step of the model also did not enhance the model, Fchange (1, 31) = 1.65, R2 change = .04,
p = .21. Table 9 shows that none of the variables were independently related to the Eating
Concerns score.
When Eating Concerns was regressed on ADHD severity, BMI and variability of latency
for antisaccades following neutral stimuli, the model approached statistical significance, F(3, 35)
= 2.76, p = .06. Together, ADHD severity, BMI and the neuropsychological measures accounted
for 13% of the variance in the outcome. There was no improvement to the model with the
inclusion of the three two-way interaction terms, Fchange (3, 29) =.39, R2 change = .03, p = .77
or the three-way interaction term, Fchange (1, 28) =.39, R2 change = .002, p = .80. As shown in
Table 9, although not significant, there was a small effect of BMI on Eating Concerns, such that
a one standard deviation increase in BMI was associated with a .35 increase in Eating Concerns
severity.
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Table 9
Multiple linear regression showing the association between ADHD severity, BMI and
neuropsychological measures, and disordered eating outcomes.
Outcome
Eating Concerns

Psychosocial
Impairment

Eating Concerns

Eating Concerns

Predictors
ADHD severity
BMI
Commission Error
ADHD severity x BMI
ADHD x Commission Error
BMI x Commission Error
ADHD severity x BMI x
Commission Error
ADHD severity


-.02
.44
.32
-.05
.11
-.002
.35

t
-.08
2.51
1.76
-.25
.60
-.01
1.41

p
.93
.02
.09
.80
.56
.99
.17

.21

1.18

.25

BMI
Commission Error
ADHD severity x BMI
ADHD x Commission Error
BMI x Commission Error
ADHD severity x BMI x
Commission Error
ADHD severity
BMI
Mean Latency
ADHD severity x BMI
ADHD x Mean Latency
BMI x Mean Latency
ADHD severity x BMI x Mean
Latency
ADHD severity
BMI
Latency Variability
ADHD severity x BMI
ADHD x Latency Variability
BMI x Latency Variability
ADHD severity x BMI x Latency
Variability

.35
.25
.07
.21
.08
.04

2.02
1.4
.32
1.19
.31
.15

.05
.17
.75
.24
.76
.88

.001
.33
.28
.12
-.01
.02
.21

-.003
2.07
1.48
.70
-.06
.12
1.28

.99
.05
.15
.49
.96
.91
.21

.14
.35
.15
.07
.21
.01
-.06

.66
1.70
.60
.29
.95
.03
-.25

.52
.10
.56
.77
.35
.97
.80

Note. Eating Concerns from the Eating Disorder Examination Questionnaire (EDE-Q), Psychosocial Impairment is
measured using the CIA. Final models, including single predictors, two-way interactions and three-way interaction
term for: Eating Concerns for ADHD severity, BMI, and Commission error for food stimuli in Antisaccade task,
F(7,31) = 1.43, p= .23, Adjusted R2 = .07; Psychosocial Impairment for ADHD severity, BMI, and Commission
error for food stimuli in Antisaccade task, F(7,31) = 1.72, p= .14, Adjusted R2 = .12; Eating concerns for ADHD
severity, BMI, and Mean Latency for neutral stimuli in Antisaccade task, F(7,31) = 1.65, p= .16, Adjusted R2 = .11;
Eating concerns for ADHD severity, BMI, and Variability in Latency for neutral stimuli in Antisaccade task,
F(7,31) = 1.23, p= .31, Adjusted R2 = .06.
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Discussion
The aim of the current study was to explore how impairment in inhibitory control, and its
interaction with ADHD severity and overweight/obesity, affects disordered eating behavior,
particularly binge eating frequency and its associated impairment. Previous studies have shown
an association between ADHD and disordered eating and obesity and disordered eating
separately. Given that neuropsychological difficulties, particularly in the area of inhibitory
control are common to both ADHD and obesity, this study looked at whether inhibitory control
deficits amplified risk for binge eating and its associated impairment.
The three measures used to assess disordered eating behavior – frequency of binge eating
episodes in the previous 28 days, eating concerns severity, and psychosocial impairment
consequent to disordered eating behaviors - showed some evidence of convergent validity in
terms of identifying problematic and impairing eating behaviors. Significant correlations were
obtained between binge eating frequency and severity of eating concerns. The eating concerns
scale broadly explored distress regarding preoccupation with food, eating or calories; fear of
losing control over eating; eating in secret; avoidance of eating with others; and guilt about
eating. Thus, the more episodes of binge eating that an individual experienced, the greater the
emotional toll, as reflected in embarrassment, fear, shame, guilt, and avoidance. A strong
association between severity of eating concerns and psychosocial impairment was obtained.
Although this is evidence of high convergent validity, it may reflect similarities in the two
measures as items from the Eating Concerns scale overlap with some of the items in
psychosocial impairment scale. However, both the scales, particularly the impairment scale,
comprise unique items that add to our understanding of the impact of disordered eating behaviors
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on emotional, cognitive (e.g., attention), and interpersonal functioning (e.g., interfered with
meetings with others).
Perhaps surprisingly, there was no significant association between binge eating frequency
and psychosocial impairment. A possible reason for this outcome could be the fact that the study
recruited a community-based sample rather than a clinical sample, and the small size of the
sample. Although some individuals reported experiencing binge eating episodes, the mean
frequency across the whole sample was low, and the range in number of episodes was modest.
Therefore, there may not be sufficient variability in number of episodes in a sample of this size
with sub-clinical severity.
Higher scores in all three eating measures: frequency of binge eating, eating concerns,
and psychosocial impairment, indicated greater severity in disordered eating behavior. Since the
study used a community-based sample, the number of people who passed the threshold to obtain
a high score in all three eating measures was compared with the existing prevalence of binge
eating behavior in the general population. Both the current study and existing prevalence show
that approximately 5% of the population manifest binge eating behavior. This supports the use of
the current measures.
The first aim of the current study was to investigate whether ADHD severity and
overweight/obesity were associated with disordered eating behavior and its associated
impairments. The hypothesis that greater ADHD severity and higher BMI would independently
predict disordered eating outcomes, but that disordered eating severity and impairment would be
greatest in the context of severe ADHD and higher BMI was only partially supported. The
overall study outcome suggested that ADHD severity was not associated with binge eating
behavior, eating concerns, or the psychosocial impairment caused by disordered eating behavior.

OBESITY, ADHD, AND DISORDERED EATING

59

However, higher BMI was associated with greater eating concerns and higher psychosocial
impairment consequent to eating behavior. There was no evidence that BMI was significantly
associated with binge eating episodes. There was also no evidence to suggest that ADHD
severity moderated the effect of individuals’ weight on eating behavior.
The current findings differ somewhat from past studies, which showed that higher ADHD
severity and higher BMI are associated with Binge Eating Disorder (Hanson, Phillips, Hughes, &
Corson, 2019). Hudson et al. (2007) conducted a nationally representative survey on the US
household population and found that individuals with ADHD were three times more likely to
have binge eating disorder. Similarly, a past study conducted on college students also found that
higher ADHD severity and higher BMI were associated with severity of binge eating behaviors
(Hanson et al., 2019). It is possible that there was insufficient power to detect this finding in the
current study. By comparison, Hanson et al.’s (2019) study comprised 277 college students.
The current study also did not find a significant correlation between ADHD severity and
obesity. With respect to these two pathologies, some exiting studies found a significant
association between these disorders (Cortese et al., 2016; Holtkamp et al., 2004; Altfas et al.,
2002). According to Nigg et al. (2016), a weak association between ADHD and obesity may be
observed in children, which is likely to become stronger as they reach adulthood. Based on this
hypothesis, it would have been expected to see a significant relation in the current study.
However, others have not found enough evidence to support a relation between ADHD and
obesity (Hanson et al., 2019). The inconsistency in findings may reflect the way that ADHD is
measured in the respective studies. Where an association between ADHD and obesity was
observed, individuals with ADHD were recruited from inpatient or outpatient clinics, or presence
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of ADHD was determined via gold standard techniques (e.g., semi-structured psychiatric
interview). Like the current study, Hanson et al. (2019) used a self-report rating scale.
The second aim investigated whether neuropsychological functioning, particularly
inhibitory control, is related to disordered eating. Most measures of neuropsychological
functioning were not associated with the three measures of disordered eating, which is
inconsistent with the hypothesis that poorer executive functioning would be related to more
severe disordered eating. Only the antisaccade latency following presentation of the neutral
stimuli was associated with eating concerns, revealing that the longer individuals took to direct
their gaze to the target (i.e., look in the direction of the arrow), the more individuals were
concerned about their eating behavior. On the one hand, this suggests that general inhibitory
control difficulties are related to eating outcomes rather than food specific executive functioning
difficulties. On the other hand, this could also suggest that it is not the inhibitory control
mechanism that is impaired, rather there could be anomaly in the delay aversion (DEL)
mechanism. It is important to remember that these two mechanism have distinct pathways and
can act together or separately contribute to ADHD symptoms (Sonuga-Barke, 2003). Existing
theory suggests that individuals who have impairments in the DEL pathway often seek reward or
motivational stimuli. It can be speculated that individuals who take longer to process non-food
stimuli have impairment in the DEL pathways. Food being the most rudimentary necessity is
usually perceived as highly rewarding and motivating (Harrar et al. 2011). Hence, individuals
who have anomalies in the DEL mechanism could be highly sensitive to food stimuli. When food
and non-food images were presented to the participants at random, any of the food images could
have triggered the reward-seeking sensation. Thus, during the presentation of non-food images,
these individuals could still be thinking about food and hence manifest delay in processing the
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non-food stimuli. In the presence of actual food, this reward-seeking tendency may be
behaviorally manifested through overeating or even binge eating. In addition to this, if the
inhibitory control mechanism is also impaired, the binge eating behavior may be worsened. But
if it is only the reward pathway that is hypersensitive and there is no impairment in the inhibitory
control, the overall implication could still be problematic; individuals would be drawn to food
without thinking of the consequences.
Correlation analysis was conducted among the different neuropsychological measures,
BMI, and ADHD severity. The longer individuals took to process food images during the
antisaccade task, the higher was the proportion of incorrect saccades. That is, they incorrectly
looked in the direction of the food cue rather than away from it. Moreover, they were less likely
to rectify such errors. This was not true for neutral images. It indicated that individuals processed
food images differently from non-food, neutral images. Past studies have shown that highly
palatable food activates the reward processing regions within the dopaminergic pathway of the
brain, underlying food selection and intake (Beaver et al., 2006; Davis et al., 2010; Liu et al.,
2008; Seymour et al., 2015).
The more time that individuals needed to processes the cue, the greater the number of
errors they made when responding to arrow direction; this finding was observed irrespective of
the type of images presented (food or non-food). Nevertheless, the error rate was greater after the
presentation of food compared to non-food stimuli. A greater number of incorrect antisaccades
following presentation of food images was also associated with more errors in behavioral
responses (i.e., choosing whether the arrow pointed up or down). This is because having an
incorrect saccade in the antisaccade condition indicates that the individual required multiple eye
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movements to reach the target (arrow) and they likely had insufficient time to process the
direction of the arrow.
Data also suggested that the more often participants corrected their erroneous antisaccades, the faster and more accurate their behavioral responses were to arrow direction. The
corrective saccades were used to reflect the processing speed in identifying errors and using
voluntary decision-making mechanism to compensate the error (Derakshan et al., 2009). This
self-monitoring is effortful.
Higher BMI was associated with a greater proportion of incorrect saccades for both
neutral and food stimuli; that is, as individuals’ body mass increased, they were more likely to
look towards the image, even though they were instructed to look in the opposite direction. This
could mean that their inhibitory control was weaker generally, as it was evident in both food and
non-food contexts. Higher BMI was also associated with more errors in behavioral responses to
the arrow. As noted above, when latency is longer (perhaps due to preoccupation with the food
image), the individual may not see the arrow presented, which impacts accuracy of responding.
That is, it negatively impacts ongoing decision-making processes. Another possible reason for
such behavior in case of food images might be the fact that participants were asked to fast for at
least three hours before the assessment, and so they had started to feel hungry. We believe this to
be unlikely because under these circumstances, we would expect differential responding to food
and non-food stimuli. Hence it may indicate that higher BMI is associated with poorer inhibitory
control in general. In their study, Giel et al. (2017) found that obese individuals with and without
BED consider food as more rewarding than normal weight controls; however, obese individuals
without binge-eating have fewer problems inhibiting their behavior towards food, while obese
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individuals with BED show rash-spontaneous behavior towards food and also under general
conditions requiring inhibitory control.
The association between ADHD severity and inhibitory control measures revealed that
individuals with higher ADHD severity were often faster with their behavioral responses.
Furthermore, they demonstrated more corrective saccades for non-food stimuli as a
compensatory behavior for making errors. Thus, individuals appeared to respond quickly and in
doing so, made mistakes (Steadman & Knouse, 2016); however, they did notice some of their
mistakes and fixed them. This is consistent with O’Connell et al. (2009), who said that
individuals with higher ADHD severity faced more difficulty in detecting errors. If/when they
became aware of them, they often attempted to rectify these errors (O’Connell et al., 2009).
Although some measures of inhibitory control and impulsivity were independently
associated with ADHD severity, obesity, and disordered eating outcomes, study results did not
show that inhibitory control weaknesses were associated with disordered eating behavior over
and above ADHD severity and obesity; furthermore, interactions among inhibitory control,
ADHD and obesity, and disordered eating were also not significant. In contrast to the current
study, past studies that have examined the relations between disordered eating behavior, ADHD
severity, obesity, and impairment in inhibitory control in different combinations rather than in a
comprehensive analysis.
Our lack of findings is somewhat surprising based on previous studies showing
associations among the constructs. There is a general trend among obese binge eaters to have
greater impairment in problem solving, cognitive flexibility, and working memory than obese
non-binge eaters (Duchesne et al. 2010). Based on these outcomes it can be speculated that
within the obesity spectrum, binge eating disorder represents a distinct phenotype that is
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characterized by increased impulsivity (Giel et al., 2017). In contrast to this, Lavagnino et al.
(2016) did not find any significant differences in inhibitory control in obese individuals with
BED compared to those without BED in their meta-analysis. Their results indicated that
impairment in inhibitory control was associated with obesity independently from binge eating.
When analyzing ADHD symptoms, impulsivity and binge eating behaviors using impulsivity as
the mediator between ADHD symptoms and BED, Steadman and Knouse (2016) found that
although ADHD symptoms were positively correlated with impulsivity and binge eating
behaviors, impulsivity was not a significant mediator between ADHD and BED. With respect to
ADHD, obesity, and inhibitory control, analysis revealed that both ADHD and obese/overweight
individuals experienced a decrease in prefrontal cortical activation during a response inhibition
task (Seymour et al., 2015). Since inhibitory control is primarily mediated by prefrontal cortex
(Blasi et al., 2006), a decrease in PFC activity during response inhibition task likely underlies
impairment in inhibitory control. Such a decrease in PFC activation was observed by Blasi et al.
(2006) in individuals with higher ADHD severity and higher BMI. It is possible, therefore, that
neuropsychological functioning (particularly inhibitory control) is a moderator of the
associations between ADHD severity and BMI and binge eating, but we were unable to detect
effects because of the small sample size or the measures used.
Although the current study focused more on impulsivity, which of the ADHD core
symptom clusters has tended to be more strongly associated with overeating (Kaisari et al.,
2017), it may be fruitful to investigate the inattention or hyperactivity components of ADHD. In
the current study, several neuropsychological measures were used to explore attention, including
omission errors, reaction time, and reaction time standard deviation. Past studies have shown that
people who had more impaired attention also had poorer signaling for hunger or satiety (Kaisari
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et al., 2017). This means that they could forget to eat and suddenly become extremely hungry
leading to an overeating episode. In cases where the sense of satiety is temporarily impaired, the
homeostatic mechanism does not immediately provide signals to the brain that the individual is
“full.” Rather, it is delayed, causing the individual to continue eating until they suddenly feel
uncomfortably full. If such situations are regularly experienced, individuals could be more at risk
of having binge eating disorder. With respect to hyperactivity, objectively this could be
measured using actigraphy as hyperactivity in adulthood is commonly manifested as restlessness.
It could be speculated that these individuals would show greater reward-seeking behavior (e.g.,
overeating) (Sonuga-Barke, 2003).
Furthermore, the present study utilized objective measures of impulsivity and inattention.
Future studies could look at the differential contributions of inattention and
hyperactivity/impulsivity on disordered eating, with the ADHD clusters measured behaviorally.
Barkley and Murphy (2010) have argued that subjective measures are more reliable than
objective measures of executive functioning, and found that subjective ratings were better
predictors of ADHD-related impairment than objective executive functioning tests.
Limitations
As noted above, one of the limitations of the current study was that the sample size likely
did not have enough statistical power to show significant results. The statistical power analysis
completed at the outset of the study gave a sample of 80 adults to be able to detect differences in
the outcomes, however, we were only able to recruit 39 adults. The initial recruitment based on
inclusion criteria yielded a sample of 552. Of them, retention for the in-person lab assessment
was completed only by 39 participants. It is not clear why this number is so low. Many
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individuals simply did not return phone calls or emails to schedule a lab visit so we do not have
clear explanations as to why they did not want to take part.
The sample was also a college-based community sample rather than a clinical sample.
There was no formal diagnostic evaluation for any of the disorders assessed, including ADHD or
binge eating disorder. Both ADHD and binge eating impairment was assessed using self-report
questionnaires. Since participants were recruited through the online subject pool platform (“the
SONA system”), only individuals who required credits for psychology courses signed up for the
study. None of the participants signed up through flyers posted around campus. Hence, the
subject pool was not an ideal representation of the college population. Furthermore, ADHD
severity was assessed by asking individuals themselves about the frequency of behaviors in the
previous 6 months only. Information was not gathered from collateral reporters who know the
individual well, which is often preferred in ADHD research. In addition, childhood ADHD
severity was not assessed. As onset of ADHD symptoms is often (though not always) in
childhood (APA, 2013), the lack of a childhood measure of ADHD may result in a diluting of the
sample. That is, adults whose ADHD-like behaviors are due to a different condition (e.g.,
anxiety, trauma, substance use), may have been present in the sample, weakening the magnitude
of the relations observed.
The current study used the ADHD-EF Index score from the Barkley Deficits in Executive
Functioning Scale (BDEFS, Barkley, 2011). Studies have found that this rating scale could
successfully identify deficits in goal-directed cognitive processes and also revealed reliable
differences between adults with and without ADHD (Barkley, 2011; Kamradt, Ullsperger &
Nikolas, 2014). It is important to note that not all the items in the Index address ADHD
symptoms. In fact, five out of 11 items measure impairment in executive functions, which
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although associated with ADHD, are not part of DSM-5 symptom criteria for ADHD (Barkley,
2011; APA,2013). This confounding factor might have overestimated ADHD severity scores that
the current study used. Therefore, the study outcomes may have been different if a more pure
ADHD symptom rating scale such as the ADHD Self-Report Screening Scale (ASRS; Kessler et
al., 2005) or the Conners Adult ADHD Rating Scale (CAARS; Conners, Erhardt, & Sparrow,
998) were used.
Even though participants were asked not to eat within 3 hours of the lab assessment, in
many cases participants were fasting for 10-12 hours (e.g., those who were scheduled at 9 am
and skipped breakfast). This could be a confounding factor as longer fasting period leads to
higher caloric deprivation, which ultimately can temporarily impoverish executive functioning
irrespective of ADHD severity (Doniger, Simon, & Zivotofsky, 2006).
Another limitation of the study was the variable time lag between individuals completing
the online survey and then joining the lab. The time difference between the online and lab
assessment portions of the study ranged from approximately 1 week to 14 months. This
variability in time lag could be a confounding factor and could have influenced eating behavior,
participants’ weight, ADHD severity, and neuropsychological functioning. The study also cannot
make any claims about the abilities of ADHD severity, obesity and neuropsychological
impairment to predict disordered eating behavior since the study was cross-sectional in design
rather than being longitudinal.
Despite the above weakness, this study also had several strengths. Comprehensive
objective measurement of inhibitory control was carried out. This included an eye-tracking task
to explore voluntary and involuntary responses that people exhibit when presented with foodrelated stimuli. It also attempted to verify whether food and non-food related stimuli are
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processed differently, investigating the notion of the presence of separate mechanisms and
pathways that might be responsible for any differences in outcomes. Several measures of
disordered eating were obtained in order to detect impairments in this domain in a non-clinical
sample. Finally, BMI was determined based on objectively measured height and weight, likely
resulting in greater accuracy than if self-reported height and weight had been obtained, given the
stigma associated with overweight/obesity (Shields, Gorber, & Tremblay, 2008).
Future Directions
It is expected that larger samples, as well as clinical samples, can reveal risk factors for
binge eating behavior and its impairment. There are also scopes for exploring the effects of
different moderators of the relations among ADHD severity, obesity, and binge eating. Gender
effects would be interesting to explore. In the current study, although two thirds of the
participants were females, ADHD severity was proportionately higher in males, while comorbity
of ADHD and obesity was higher in females. Existing literature suggests that ADHD diagnosis
and overweight/obesity is more prevalent in males (Biederman, et al., 2002; Ramtekkar,
Reiersen, Todorov, & Todd, 2010; Lydecker, & Grilo, 2018) whereas eating disorders are
manifested more commonly in females (Striegel-Moore et al, 2009; Lydecker, & Grilo, 2018).
These differences in base rates could indicate that females are underdiagnosed for ADHD, which
if left untreated, and in conjunction with other neuropsychological impairments, could increase
risk for disordered eating behavior. Future studies could examine the implications of gender
effects on ADHD severity, obesity, and disordered eating behavior by evaluating the
mechanisms of potential gender effects such as depression and social isolation.
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Summary
In summary, the study did not find enough statistical evidence to conclude that ADHD
severity, inhibitory control weaknesses, or their interactions, are associated with disordered
eating behavior and impairment. However, the trend of outcomes indicated that higher BMI was
related to some measures of disordered eating behavior. Clinically, it may be important for
primary care physicians, campus wellness centers and counsellors who see students who are
overweight/obese to screen for disordered eating behaviors to ensure that where present,
individuals are offered appropriate interventions.
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